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Abstract
Background Cystic echinococcosis is a parasitic cyclo-zoonotic disease caused by the taeniid Echinococcus and 
causes significant economic losses in livestock production, yet its impact is often overlooked and under estimated.

Methods This study investigated the risk factors and economic impact of cystic echinococcosis in livestock, 
in Uganda’s pastoral and agro-pastoral communities. In the study, 14,937 livestock were examined at selected 
slaughterhouses in Moroto, Kumi, Luwero and Nakasongola districts from March 2019 to February 2020. The visceral 
organs were examined for hydatid cysts during slaughter and the prevalence correlated with the risk factors got from 
livestock traders and livestock owners through questionnaire survey. Production losses and economic losses due to 
organ condemnations were also estimated.

Results This is the first study to provide insights into the financial impacts and risk factors towards Cystic 
Echinococcosis (CE) in livestock in Uganda. The key significant risk factors for the persistence of CE in goats were place 
of origin from Lira (P ≤ 0.000), Nakasongola (P ≤ 0.002), Luwero and Bukedea (P ≤ 0.002), and tethering (P ≤ 0.001); in 
cattle was communal grazing (P ≤ 0.0000); and in sheep was being kept in large flocks (P ≤ 0.004). The total annual 
economic losses due to CE on livestock inspected in abattoirs in the study districts was USD 21,352.7 (1 USD = 3,809.3 
UGX) of which 11.7% was due to organ condemnation and 88.3% due to livestock production losses. More significant 
mean annual economic losses per livestock species examined occurred in Moroto district among Zebu cattle USD 8.4, 
goats USD 1.4 and sheep USD 1.4 than other districts.

Conclusion Results show that CE is a disease of significant economic and public health importance in PAP areas 
in Uganda with urgent need to create awareness and institute community-based control measures involving 
multistakeholder particiapation.to break livestock-dog cycle.
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Introduction
Cystic Echinococcosis (CE) is considered one of the most 
important and yet neglected parasitic disease of eco-
nomic and public health importance [1–4]. CE is caused 
by Echinococcus granulosus sensu lato [5–7].

Humans, domestic and wildlife herbivores get infected 
by consuming tapeworm eggs of this worm in vegeta-
bles, pastures, water and soil contaminated by infected 
dog faecal matter [8]. CE occurrence is cosmopolitan 
[9]. In Africa, extensive studies have revealed varied dis-
tribution of CE in livestock and humans. In East Africa 
studies have been done in Kenya [10–13]; in Tanzania 
[14–17] and in Ethiopia [2, 18–23]; in North Africa: in 
Morocco [24, 25], in Egypt [26–30] and in Sudan [31, 32]. 
In Southern Africa: in Zambia [33, 34], Mozambique [35] 
and in South Africa [36–40]. Elsewhere in Africa studies 
done on CE has extensively been reviewed [41].

Economic losses in livestock occur as a result of rejec-
tions of affected body organs during postmortem inspec-
tions and reduced productivity of affected livestock. 
Globally CE is an economic and public health burden 
[42, 43]. For example: direct economic losses estimates 
in beef cattle reported between 2014 and 2016 in Aus-
tralia varied between AU$163,006 to AU$38,683 respec-
tively [44]; in Ethiopia, estimates were 19,190 ETB in 
sheep and goats [18]; 105,769.657 ETB in cattle at Dalo-
mana municipal abattoir South-eastern, Ethiopia [45]. 
, 410,755.90 ETB in cattle at Wolayita Sodo munici-
pal abattoir, Southern Ethiopia [46] and 127,456.3 ETB 
(7,497.43 US) at Mizan Teferi and Teppi municipal abat-
toirs in cattle [47]. In Turkey, nationwide CE produc-
tion of losses of 89.2 M USD was reported [3]. In South 
Darfur State, Sudan, combined annual losses due organ 
condemnations and control costs was USD 38,682,492.3; 
6,713,390.5; 7,213,173.9; and 175,180.9 USD per annum 
for cattle, sheep, goats and camel respectively [48]. Direct 
losses of USD 29,686 in Wau, South Sudan have also 
been reported [49]. Elsewhere in: Rio Negro Province, 
Argentina, annual losses ranged between USD 4,234,000 
to 5,897,000 have been reported [50]. In Ahwaz, Iran 
losses of up to 459,659.6 USD in all ruminants have been 
reported [51]. Also in India losses up USD 212.35 million 
from cattle and buffalo have been reported [52]. In Peru, 
in South America, financial losses due to CE of USD 
3,846,754 have been reported [53]. There are also varied 
significant losses which have been reported in the Medi-
terranean countries [24].

CE has been reported to occur in communities charac-
terized by poverty and poor hygienic conditions coupled 
with living with undewormed wild and domestic canids 
sharing water resources thereby contaminating food and 
pastures [14, 54].

In Uganda, with the exception of the studies of CE in 
dogs [55], in humans [56, 57] and in livestock [58–60]. 

No studies have been done to determine the risk factors 
and financial losses due to CE in livestock. It’s upon this 
background, that this study was designed and conducted 
to assess the economic cost caused by CE in livestock 
coupled with the establishment of the risk factors that 
were responsible for its endemicity among pastoral and 
agro-pastoral communities in Uganda.

Materials and methods
Study area
This was a cross-sectional study conducted between 
March 2019 to February 2020 at selected designated 
abattoirs in the districts of Moroto in Karamoja region, 
Kumi in Teso region, Luwero and Nakasongola in 
Buganda region, Uganda (Fig. 1). Moroto district in Kar-
amoja region was representing pastoral areas keeping 
livestock, while Kumi district in Teso region, Luwero and 
Nakasongola districts in central Uganda were represent-
ing agro-pastoral areas keeping of both livestock and 
growing crops. A total of 25,689 livestock (8,044 zebu, 
6,575 Ankole cattle, 8,515 goats and 2,555 sheep) were 
slaughtered during the study period, of which 14,937 
were examined.

A simple random sampling procedure was used dur-
ing this study. In each study site, only four animals or less 
depending on the numbers of slaughters were selected, 
where the number of animals exceed, only four animals 
were randomly chosen and if they were less all were 
selected and examined for cysts. This selection process 
was used for all species of livestock slaughtered.

A post-mortem inspection (PMI) was conducted on all 
slaughtered cattle, sheep, and goats but further examina-
tion for the hydatid cysts were done on the previously 
randomly identified and selected animals. The livestock 
brought for slaughter consisted mostly of local indig-
enous breeds, which were purchased from nearby local 
livestock markets. Before entering the slaughter facil-
ity, animals selected for PMI were chosen at random 
and marked with paint for easy traceability. Informa-
tion on species, breed, origin/market of purchase, date, 
and age was documented for each selected animal. Dur-
ing the postmortem inspection, every organ was visually 
assessed, palpated, and incised to examine and detect 
embedded cysts, following the guidelines outlined by 
(61). Information on the risk factors was also obtained 
from the farmer’s farming and slaughter practices.

Estimation of economic loss
During the inspection, the condemned organ tissues with 
CE lesions were trimmed, weighed, and recorded in spe-
cialized sheets. A portion of the affected organs was also 
estimated.

Economic losses due to CE was taken as sum of direct 
losses due to (a) offal organ condemnation (losses of offal 
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[Loffal]) and (b) carcass weight loss (meat production 
losses) due to CE disease (Lmeat).

(a) Direct losses (losses of offal (Loffal) = NAS * PCE * Cp * 
Pi.

where: -.
NAS - Number of animals slaughtered during 

12-month study period.
PCE - Prevalence of CE in cattle, goats and sheep.
Pi - Percent involvement of lung.
Cp - Average price of organ (lung/liver) at study 

abattoir.

(b) Carcass weight production losses (Lmeat) = 
(number of slaughtered animals x CE prevalence) x 
(percentage reduction in the mean carcass weight) 
x (producer price of meat) adopted from (3). Mean 
reduction of carcass weight due CE was taken to 
be 3.75% for all species (46, 62). While the dressed 
average carcass weight was taken to be 126 Kg for 
adult zebu, 159 Kg for adult Ankole cattle (63), 20.5 
Kg adult goat and 22.29 Kg for adult sheep (16). 

Mean prices of meat per Kg was taken to be UGX 
16,250 for goat, 14, 500 for sheep and UGX 13,500 
cattle.

The cost of CE losses in livestock examined were extrap-
olated to represent total annual losses for all livestock 
slaughtered in the district abattoirs computed as sum-
mation of (CE losses per each livestock species (goats, 
sheep, cattle) examined / total number of each livestock 
species examined) * total number of each livestock spe-
cies slaughtered during the study period.

Data analysis
The data set for individual variables was coded, entered 
into Excel 16.0, and imported into R statistical software 
version 3.1.2 with Rcmdr package used for analysis (64). 
The significant differences between proportions were 
assessed using chi-squared tests and Fisher’s exact tests 
to determine the odds ratios (ORs) at 95% confidence 
interval (CI). Variations in CE frequency were examined 
based on livestock species, age, districts and affected 
organs. Univariate and multivariate logistic regression 
were employed to pinpoint the risk factors linked to the 

Fig. 1 Map of Uganda showing study areas
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occurrence of CE in slaughtered livestock. Univariate 
logistic regression was first used identify significant risk 
factors which were responsible for occurrence. There-
after factors with P < 0.05 significance relationship were 
farther subjected to multivariate logistic regression to 
develop a model to predict occurrence of CE.

Results
A total of 25,689 livestock were slaughtered, out of which 
14,937 were examined during the study period. These 
included 5,873 goats, 1377 sheep, 3726 small East Afri-
can zebu cattle (SEAZ), 3,954 Ankole cattle, and 7 exotic 
Friesian cattle.

Notably, there were no sheep slaughtered in Luwero 
and Nakasongola districts, and no Ankole cattle slaugh-
tered in Moroto and Kumi districts. The number and 
percentage of organs infested with CE per district are 
presented in Table 1. The lung was the most affected and 
involved organ, overall lung: liver ratio was found to be 
7.2 for goats, 4.6 for sheep, 1.5 for Zebu cattle and 1.2 for 
Ankole cattle. Moroto had the highest prevalence of CE 
in zebu cattle, goats and sheep while Luwero and Naka-
songola had high prevalence of CE in Ankole cattle as 
outlined in Table 2.

The Univariate logistic analysis identified the origin 
of the livestock, method of grazing, ownership, herd 
and flock size as significant risk factors. Details were as 
shown in Table 3.

While multivariate logistic regression showed that 
communal grazing in cattle, origin and tethering in goats 
and owning large flocks of sheep were key risk factors to 
CE infection in these animals in the study areas.

The likelihood of CE infection in cattle practicing com-
munal grazing was 404 times more in Moroto districts 
than other districts while livestock from Nakasongola 

and Luwero were 271 and 71 times respectively riskier 
of getting CE compared to Kumi and Moroto. Tethering 
of goats on the hand was 60 times more at risk of expo-
sure to CE infection and, owning large sheep flock size 4 
times at risk of infection than cattle and goats as seen in 
Table 4.

In all districts, the lungs recorded more direct eco-
nomic losses due to offal organ condemnation than the 
liver in goats and sheep and the reverse was true for Zebu 
and Ankole cattle during public health meat inspec-
tion protocols as illustrated in Table  5. Moroto district 
reported highest total economic losses as a result of 
the direct and indirect losses attributed to CE in live-
stock species inspected at slaughter across all districts 
(Table  6). Meanwhile, Table  7 displays the extrapolated 
annual direct, indirect, and total losses due to CE for all 
livestock species processed in district abattoirs. The esti-
mated total annual economic losses among goats, sheep 
and cattle slaughtered in all district study abattoirs were 
as shown in Table 8.

The yearly economic cost per animal slaughtered was 
standardized since the annual livestock slaughters were 
not the same. The mean economic cost (USD) due CE per 
livestock examined after slaughter per district were as 
shown in Table 9.

Discussion
The communities in the study areas were predominantly 
pastoralists in Moroto district in Karamoja region; agro-
pastoralists in Kumi district in Teso region and Luwero 
and Nakasongola districts in Buganda region. The lung 
was the most affected and involved organ in all animals 
and districts, overall lung: liver ratio was found to be 
7.2 for goats, 4.6 for sheep, 1.5 for Zebu cattle and 1.2 
for Ankole cattle. CE prevalence was very high in goats, 

Table 1 Number of organs with CE infection (percentage) among goats, sheep and cattle examined across the districts
Species Organ inspected Location of the abattoir

Moroto 95% CI Kumi 95% CI Luwero 95% CI Nakasongola 95% CI total 95% CI
Goats Lung 280(27.7) 22.5–32.9 8(0.6) 0–6.0 12(0.5) 0-4.5 2(0.2) 0-6.4 302(5.1) 2.6–7.6

Liver 36(3.6) 2.5–9.7 1(0.1) 0-6.3 5(25.2) 0-63.3 0 0 42(0.7) 0-3.2
sheep Lung 252(24) 18.7–29.3 2(2.1) 0-12.7 0 0 0 0 259(18.8) 14.0-23.6

Liver 56(5.3) 0-12.2 0 0 0 0 0 0 56(4.1) 0-9.3
Zebu Lung 345(20.8) 16.5–25.1 15(0.9) 0-5-5.7 4(0.9) 0-10.2 0 0 364(9.8) 6.7–12.9

Liver 218(12.8) 8.4–17.2 19(1.2) 0-6.1 4(0.9) 0-10.2 0 0 241(6.8) 3.6–10.0
Ankole Lung 0 0 0 0 23(0.8) 0-4.4 18(1.6) 0-7.4 50(1.3) 0-4.4

Liver 0 0 0 0 1(0.004) 0-1.2 18(1.6) 0-7.4 41(1.0) 0–4.0

Table 2 Prevalence of CE among species in the study districts
Species Moroto CI Kumi CI Luwero CI Nakasongola CI Overall CI
Goat 294(29.1) 23.9–34.3 9(0.6) 0–5.6 16(0.6) 0–4.4 2(0.2) 0–6.4 521(5.5) 0- 16.7
Sheep 294(28) 22.9–33.1 7(2.1) 0–12.7 0 0 0 0 301(21.9) 24.0–34.2
Zebu cattle 531(31.3) 27.4–35.2 29(1.8) 0–6.6 7(1.6) 0–10.9 0 0 567(15.2) 12.2–18.2
Ankole cattle 0 0 0 0 51(1.8) 0–5.4 31(2.8) 0–8.6 82(2.1) 0–5.2
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sheep and zebu cattle in Moroto district than in other 
studied districts (Table  4). These findings of CE organ 
prevalence were lower than what was reported among 
cattle slaughtered in abattoirs in Ethiopia in Debre Mar-
kos Municipality abattoirs (84.3% lungs, 16.7% livers) 
[61]; in Wolayita Sodo Municipal abattoir (57.8% lungs, 

35.5% livers) (48); in Hawassa Municipal abattoir (52.9% 
lungs, 34.2% livers) [62], in Southern Wollo abattoir 
(50.5% lungs and 40.6%) by [25] and in Bahir Dar Abat-
toir 57.9% lungs, 36.6% livers) in [63]. Similar CE organ 
prevalence has also been reported elsewhere in abattoirs 
in Ethiopia in Masha Municipal Abattoir (93% lungs, 
3.14% liver) by [64]; and in Ambo Municipal Abattoir 
(12.1% lungs, 7.5% livers) [10]. From above findings it was 
shown that a lung was the most affected organ in East 
Africa among livestock. However, these findings on CE 
organ prevalence were contradictory only in one study 
done in Ethiopia where the livers of goats and sheep were 
more involved (50.7%) than the lungs (37.5%) [23].

The high CE prevalence of CE in cattle, goats and sheep 
in Moroto could be attributed to differences in lifestyles 
affecting the level of dog–livestock interactions and 
sources and level of water availability. The Karamojong in 
Moroto, practice transhumance pastoralism where they 

Table 3 Univariate logistic analysis of risk factors of occurrence of cystic echinococcosis in cattle, goats and sheep
Risk factor Variable Freq.=yes Fishers exact test (95% C. I) OR P- value
Animal origin Moroto 90(28.8%) 19.4–38.2 1.7 0.000***

Kumi 109(34.8%) 25.8–43.8
Luwero 37(11.8%) 11.4–22.2
Nakasongola 77(24.6%) 15.0–34.2

Grazing method: Cattle Communal 179(57.2%) 50.0–64.4 1.3 0.000***
Tethering 63(21.1%) 11.0–31.2
Zero grazing 13(4.2%) 0–15.1
Paddocked 6(1.9%) 0.9–12.8

Goats Communal 144(46%) 37.9–54.1 0.5 0.000***
Tethering 102(32.6%) 23.5–41.7
Zero grazing 3(1%) 0–3.7
Paddocked 1(0.3%) 0–11

Sheep Communal 110(35.1%) 26.2–44.0 102 0.000***
Tethering 42(13.4%) 0–23.7
Zero grazing 0(0%) 0
Paddocked 11(0.35) 0–3.8

Deworming Not dewormed 272(86.9%) 82.9–90.9 1.56 0.418
Herd sizes Small 299(95.5) 93.3–97.8 1.42 0.335

Large 10(3.2%) 0–14.1
Very large 4(1.3%) 0–12.4

Sharing of water With dogs and livestock 112(35.8%) 34.4–51.2 1.25 0.442
Dog keeping Confinement 28(8.9%) 4.1–13.7 0.068

Roaming 134(42.8%) 34.4–51.2
Roam with livestock 29(9.3%) 0 -19.3

Dog faecal disposal Deep burial 16(5.1%) 0–15.9 1.22 0.101
Left to dry in the open 168(53.7%) 46.2–61.2
discarded to the bush 7(2.2%) 0–13.1

Ownership Own livestock 313(100%) 100 1 0.000***
Sex of owners Male 260(83.1%) 78.5–87.7 0.43 0.001

Female 53(16.9%) 6.7–29.9
Occupation Farmer 235(75.1%) 63.5–86.7 0.8 0.7972

Formal job 25(8%) 0–18.6
Businessman 49(15.7%) 6.4–26.0
Others 4(1.3%) 0–12.8

Table 4 Multivariate logistic regression analysis to determine risk 
factors towards CE in cattle, goats and sheep species
Livestock Variable Risk factor Odds Ratio P value
Cattle Management Communal grazing 404 0.000***
Goats Origin Bukedea 52.7 0.002**

Malera 73.7 0.012*
Luwero (within) 71.1 0.002**
Nakasongola (within) 271 0.000***
Lira 17.4 0.000***

Management Tethering 59.7 0.000***
Sheep Ownership Large herds 3.86 0.004**
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move with their livestock and dogs to areas with water 
and pasture during dry periods leading to high densities 
of livestock-dog interactions increasing the likelihood 
of CE transmission to livestock. In such scenarios, dogs’ 
faecal matter with E. granulosus eggs easily finds its way 
to contaminate water sources, soil and pastures [56]. 
However, in agro-pastoral areas in Teso, Luwero and 
Nakasongola, livestock farmers live a sedentary lifestyle 
and have better access to clean safe water from bore-
holes, protected dams and spring wells with restricted 
dog access. Dogs were mainly kept for hunting and secu-
rity reasons [52, 57].

The risk factor for CE occurrence in cattle was commu-
nal grazing (Tables  5 and 6). This was a common prac-
tice in managing cattle herds in pastoral and agropastoral 
areas in the study area. In all districts, goats with CE had 
a very highly strong association with the place of origin 
being from Lira and within Luwero for goats slaughtered 
in Luwero district abattoir, and Bukedea and Malera for 
goats slaughtered in Kumi district abattoir. Lira, Bukedea 
and Malera were places close to Karamoja and were usu-
ally invaded during the dry season by pastoralists from 
Moroto who came in search of pasture and water accom-
panied by their un-dewormed dogs. While in Luwero, 
the dogs usually kept for hunting were not dewormed 

Table 5 Direct economic losses in (USD) among goats, sheep 
and cattle across study districts due to offal organ condemnation 
due to CE during meat inspection
Livestock species Attribute Lung Liver Total
Goat Moroto 85.7 27.8 113.5

Kumi 53.1 24.9 78.1
Luwero 0.1 0.1 0.2
Nakasongola 0 0 0
Subtotal 138.9 52.9 191.8
% Contribution 72.4 27.6 100

Sheep Moroto 74.0 40.9 114.9
Kumi 0.2 0 0.2
Luwero 0 0 0
Nakasongola 0 0 0
Subtotal 74.2 40.9 115.0
% Contribution 64.5 35.5 100

Zebu cattle Moroto 720.9 892.9 1,613.8
Kumi 1.4 6.1 7.6
Luwero 0.4 0.9 1.4
Nakasongola 0 0 0
Subtotal 722.7 900.0 1,622.7
% Contribution 44.5 55.5 100

Ankole cattle Moroto 0 0 0
Kumi 0 0 0
Luwero 0.1 6.1 6.2
Nakasongola 3.5 7.3 10.8
Subtotal 3.7 13.4 17.0
% Contribution 21.5 78.5 100

Table 6 Direct, indirect and total losses (USD) due to CE for 
livestock species examined on slaughter in all districts
Livestock Moroto Kumi Luwero Nakasongola Total
Direct losses
Goats 113.5 78.1 0.2 0 191.8
Sheep 114.9 0.2 0 0 115.0
Zebu cattle 1,613.8 7.6 1.4 0 1,622.7
Ankole cattle 0 0 6.1 7.3 17.0
Sub total 1,842.2 85.8 7.6 7.3 1,946.6
Indirect losses
Goats 965.8 27.7 15.9 17.4 1,026.7
Sheep 960.1 22.5 0 0 982.6
Zebu cattle 8,899.6 479.2 0.9 0 9,379.8
Ankole cattle 0 0 420.3 1,685.7 2,105.9
Sub total 10,825.5 529.4 437.1 1,703.0 13,495.0
Total 12,667.7 615.2 444.7 1,710.3 15,441.6

Table 7 Extrapolated annual direct, indirect and total losses 
in USD due CE for all livestock species slaughtered in district 
abattoirs
Livestock Moroto Kumi Luwero Nakasongola Total
Direct losses
Goats 223.2 101.3 0.9 0 325.4
Sheep 159.9 0.5 0.0 0 160.4
Zebu 1995.9 12.2 #2.2 0 2010.3
Ankole 0 0 0.5 0.3 0.8
Sub total 2378.9 114.1 3.6 0.3 2496.9
Indirect losses
Goats 1899.1 35.9 64.6 9.6 2009.2
Sheep 1336.3 75.2 0 0 1411.5
Zebu 11006.6 774.3 770.1 0 12551.1
Ankole 0 0 1804.8 1079.8 2884.6
Sub total 14242.0 885.4 2639.5 1089.4 18856.3
Total USD 16,620.9 999.5 2,643.2 1,089.6 21,353.2
% Contribution 77.8 4.7 12.4 5.1 100

Table 8 Total annual economic losses (USD) among goats, 
sheep and cattle slaughtered in all district abattoirs
Livestock Direct losses Indirect Total % Contribution
Goats 325.4 2,009.2 2,334.6 10.9
Sheep 160.4 1,411.5 1,571.9 7.4
Zebu 2,010.3 12,551.1 14,561.4 68.2
Ankole 0.8 2,884.6 2,885.4 13.5
Total 2,496.9 18,856.3 21,353.2 100
Total USD 2,496.9 18,856.3 21,353.2
% Contribution 11.7 88.3 100

Table 9 The mean annual economic cost (USD) due to CE per 
livestock examined after slaughter per district
Livestock Moroto Kumi Luwero Nakasongola Overall
Goats 1.4 0.1 0.0 0.0 0.2
Sheep 1.4 0.1 0.0 0.0 0.8
Zebu cattle 8.4 0.3 0.8 0.0 3.0
Ankole cattle 0.0 0.0 0.4 0.6 0.5
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and their movements were not restricted. Again, in agro-
pastoral areas, goat tethering was a major CE risk factor 
(Tables 5 and 6). Most goats in agropastoral districts were 
grazed through rope tethering around homesteads where 
the pasture was heavily contaminated with dog faeces. 
Among sheep, owning of large herds of sheep (Table  5) 
was the key risk factor for CE infection. This was true 
for Moroto, where sheep were grazed separately in large 
herds in communal grazing areas. These increase their 
chance of getting CE infected especially in the dry season 
while grazing as has been already described for cattle.

The total economic cost of CE in the study area was 
USD 21,353.2 among livestock slaughtered annually 
(Table  8) of which 88.3% were indirect economic losses 
associated with production losses caused by weight loss 
caused by CE. Only 11.7% were due losses due to con-
demnation of offal organs: lungs and liver. This showed 
that although CE was a disease of public health concern 
it was a significantly very important economic disease of 
cattle, goats and sheep causing production losses in these 
areas hence disrupting household incomes and food 
security. CE was causing high economic losses in Moroto 
district (Tables  8 and 9) amounting to USD 16,620.9. It 
caused a very highly significant loss among zebu cattle in 
Moroto district. Elsewhere in Ethiopian abattoirs, lower 
economic annual losses of USD 2,631 had been reported 
by [64]; of USD 1,820.8 by [12] and higher losses of USD 
21,031.6 reported by [22]. Luwero district incurred sub-
stantial CE losses, it had 12.4% of the total CE economic 
loss which occurred in the study area involving Ankole 
cattle (Table  7). This area could become a hot spot for 
CE. Efforts should be made to deworm dogs and reduce 
the population of stray dogs.

CE was highly prevalent among small ruminants 
slaughtered in Moroto district abattoir (Table  4) and 
constituted 18.3% of the total annual CE economic cost 
among livestock slaughtered in the study area. In Moroto 
district abattoir CE caused an economic loss of USD 
3,803.9 among small ruminants annually slaughtered 
(Table 9) of which goats constituted 58.7%. In sheep, CE 
was a problem only in Moroto district (Tables 4, 8 and 9). 
CE economic losses found in this study were lower than 
USD 43,333.5 [71] and USD 149,312USD [23] in Ethiopia; 
and USD 43,788 in goats in South Sudan [72]. The dif-
ference in economic losses could be due to variances in 
management practices, CE prevalence and the magnitude 
of livestock slaughtered at the abattoirs.

Direct losses due to organ condemnation constituted 
10.4% of the total CE costs. Most CE organ condemna-
tion losses occurred more in the lungs than the liver in 
goats and sheep (Table  6). In cattle (Zebu and Ankole 
cattle) more losses occurred in the liver than in the 
lungs. The findings of the economic cost of this study in 
the slaughter abattoirs, need to be extrapolated to the 

livestock population of each district and region based on 
slaughterable age to determine the real economic cost of 
CE in the district or region. These costs are quite high 
especially if done on annual basis among livestock espe-
cially in Moroto district.

Conclusion
CE is more prevalent in Moroto in cattle, goats and sheep. 
Luwero was becoming a hot spot for CE involving Ankole 
cattle. Communal grazing was risk factor for CE in cattle. 
The place of origin and tethering were the risk factors for 
CE in goats and owning large herds was a risk factor for 
CE in sheep. CE was public health disease causing high 
economic production losses in livestock. Most impact of 
CE economic losses occurred in Moroto involving goats, 
sheep and zebu. The lungs were more responsible for 
causing economic losses in sheep and goats while cattle, 
had more losses in the liver than the lungs.

Recommendations
There was a need to sensitise and educate the commu-
nities about risk factors and economic losses caused 
due to CE infection in livestock. There was an urgent 
need to control CE by breaking dog-livestock CE cycle 
by routine deworming of dogs. More studies should be 
expounded to other areas of Uganda to determine the 
level of economic injury of CE and associated risk factors 
and more importantly molecular characterisation of CE 
to determine the circulating serotypes as a way of map-
ping out corrective preventive means by all the respective 
stakeholders.

Abbreviations
CE  Cystic echinococcosis
SVAR  School of Veterinary Medicine and Animal Resources
Rec  Research Ethics Committee
UNCST  Uganda National Council for Science and Technology
IRB  Institutional Review Board
SEAZ  Small Esat African Zebu
PM  Post-mortem
UGX  Uganda Shilling
USD  United States Dollar
ETB  Ethiopian Birr
AU$  Australin Dollars
PMI  Postmortem inspection

Acknowledgements
The authors thank Eberhard Zeyle and Mulinge Erastus from Kenya Medical 
Research Institute (KEMRI) for the technical guidance. Special thanks to 
Prof. Peter Kern (University of Ulm, Germany) and Prof. Thomas Romig 
of the University of Hoheinheim, Germany. The authors appreciate the 
support received from the district authorities and the respective technical/
veterinary staff, traders and butchers of Moroto, Kumi, Bukedea, Luwero and 
Nakasongola districts, for participating in this study.

Author contributions
L. O., M. O. and F. E. conceived and designed the study; F.E supervised data 
collection, L.O, M.O. and F.E analysed data; L.O, M.O wrote, reviewed and 
edited the manuscript; K. I. and L. O. carried out the fieldwork; L. O, E.J, E.O. and 
K.I. performed laboratory analysis; L. O. performed statistical analyses and all 
the authors wrote and reviewed the article.



Page 8 of 9Omadang et al. BMC Veterinary Research           (2025) 21:34 

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethical approval
Approval for the study was obtained from the Institutional Review Board (IRB) 
of the School of Veterinary Medicine and Animal Resources (SVAR) research 
ethics committee (REC)-SVAR IACUC/ IRB-Ref SVAR_IACUC/40/2020, Makerere 
University and from Uganda National Council of Science and Technology 
(UNCST)-Ref A87ES. Approval for the study in each district was obtained from 
the respective District Veterinary Offices and written consent from livestock 
owners and butchers was obtained before enrolment into the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Financial support
This research was funded by the Higher Education, Science and Technology 
(HEST) project, Busitema University, Uganda.

Received: 5 September 2024 / Accepted: 10 January 2025

References
1. Torgerson PR, Budke CM. Echinococcosis - an international public health 

challenge. Res Vet Sci. 2003;74(3):191–202.
2. Ahmed MA, Ahmed C, Mengistu A. Study on prevalence and economic 

significance of bovine Hydatidosis Haramaya Muncpial Abattior. J Vet Sci 
Thechnology. 2024;7(1):1135.

3. Sariözkan S, Yalçin C. Estimating the production losses due to cystic echino-
coccosis in ruminants in Turkey. Vet Parasitol. 2009;163(4):330–4.

4. Higuita NIA. Brunetti Enrico, McCloskey C. cystic echinococcosis. Clin Micro-
biol. 2016;54(3):518–23.

5. Craig PS, Rogan MT, Campos-Ponce M. Echinococcosis: Disease, detection 
and transmission. Parasitology. 2003;127(SUPPL.).

6. Mesfin M, Deneke D, Metages Y, Esfaye D, Haben F. Cystic echinococcosis in 
cattle slaughtered at a slaughterhouse in Gessa, southern Ethiopia. Parasite 
Epidemiol Control [Internet]. 2022;18(April):e00262. Available from:  h t t  p s : /  / d o  
i .  o r g / 1 0 . 1 0 1 6 / j . p a r e p i . 2 0 2 2 . e 0 0 2 6 2       

7. Thompson RCA. Biology and Systematics of Echinococcus. Adv Parasitol. 
2017;95:65–109.

8. Lymbery AJ. Phylogenetic Pattern, Evolutionary Processes and Species 
Delimitation in the Genus Echinococcus [Internet]. Vol. 95, Advances in 
Parasitology. Elsevier Ltd; 2017. 111–145 p. Available from:  h t t  p s : /  / d o  i .  o r g / 1 0 . 
1 0 1 6 / b s . a p a r . 2 0 1 6 . 0 7 . 0 0 2       

9. Deplazes P, Rinaldi L, Alvarez Rojas CA, Torgerson PR, Harandi MF, Romig T, 
et al. Global distribution of alveolar and cystic echinococcosis. Advances in 
Parasitology. Volume 95. Academic; 2017. pp. 315–493.

10. Addy F, Alakonya A, Wamae N, Magambo J, Mbae C, Mulinge E, et al. Preva-
lence and diversity of cystic echinococcosis in livestock in Maasailand, Kenya. 
Parasitol Res. 2012;111(6):2289–94.

11. Odongo DO, Tiampati CM, Mulinge E, Mbae CK, Bishop RP, Zeyhle E et al. 
Prevalence and genotyping of Echinococcus granulosus in sheep in Narok 
County, Kenya. Parasitol Res. 2018.

12. Nungari L, Mbae C, Gikunju J, Mulinge E, Kaburu T, Zeyhle E et al. Prevalence 
and Genotyping of Echinococcus Species from Livestock in Kajiado County, 
Kenya. Biomed Res Int. 2019;2019.

13. Odero J, Erume J, Banda L. and, Kagira J. Prevalence and monetary loss due 
to cystic Echinococcosis in slaughter house livestock : A case study of Migori 
County, Kenya. Parasite Epidemiol Control [Internet]. 2019;3:e00105. Available 
from: https:/ /doi.or g/10.10 16/j .parepi.2019.e00105

14. Ernest E, Nonga HE, Kassuku AA, Kazwala RR. Hydatidosis of slaughtered 
animals in Ngorongoro district of Arusha region, Tanzania. Trop Anim Health 
Prod. 2009;41(7):1179–85.

15. Miran MB, Kasuku AA, Swai ES. Prevalence of echinococcosis and Taenia 
Hydatigena cysticercosis in slaughtered small ruminants at the livestock-
wildlife interface areas of Ngorongoro, Tanzania. Vet World. 2017;10:411–7.

16. Shija DS, Mtenga LA, Kimambo AE, Laswai GH, Mushi DE, Mgheni DM, et 
al. Preliminary evaluation of slaughter value and carcass composition of 
indigenous sheep and goats from traditional production system in Tanzania. 
Asian-Australasian J Anim Sci. 2013;26(1):143–50.

17. Nonga HE, Karimuribo ED. A retrospective survey of hydatidosis in livestock 
in Arusha, Tanzania, based on abattoir data during 2005–2007. Trop Anim 
Health Prod. 2009;41(7):1253–7.

18. Kumsa B, Mohammedzein A. Prevalence, organ distribution, risk factors, and 
financial losses of hydatid cysts in sheep and goats slaughtered in restaurants 
in Jimma, south western Oromia. Comp Clin Path. 2014;23(2):333–9.

19. Erbeto K, Zewde G, Kumsa B. Hydatidosis of sheep and goats slaughtered at 
Addis Ababa Abattoir: prevalence and risk factors. Trop Anim Health Prod. 
2010;42(5):803–5.

20. Bizuwork A, Kebede N, Tibat T, Tilahun G, Kassa T. Occurrences and financial 
significance of bovine cystic echinococcosis in Southern Wollo, Northeastern 
Ethiopia. Jounal Vet Meddicine Anim Heal. 2013;5(2):51–6.

21. Kumsa B. Cystic echinococcosis in slaughtered cattle at Addis Ababa Abattoir 
enterprise, Ethiopia. Vet Anim Sci [Internet]. 2019;7(April):100050. Available 
from: https:/ /doi.or g/10.10 16/j .vas.2019.100050

22. Tadesse B, Birhanu T, Sultan A, Ayele G, Ejeta E, Prevalence. Public Significance 
and Financial Loss of Hydatid Cyst on Cattle Slaughtered at Nekemte Munici-
pal Abattoir, Western Ethiopia Department of Medical Laboratory Sciences, 
College of Medical. Acta Parasitol Glob. 2014;5(3):151–9.

23. Eriso M, Mekuriya M, Prevalence. Organ distribution, and Economic Impor-
tance of Bovine Hydatidosis in Gimbichu Municipal Abattoir, Hadiya Zone, 
Ethiopia. J Innov Med Res. 2023;2(6):55–60.

24. Dakkak A. Echinococcosis/hydatidosis: A severe threat in Mediterranean 
countries. Vet Parasitol [Internet]. 2010;174(1–2):2–11. Available from:  h t t  p s : /  / 
d o  i .  o r g / 1 0 . 1 0 1 6 / j . v e t p a r . 2 0 1 0 . 0 8 . 0 0 9       

25. Azlaf R, Dakkak A. Epidemiological study of the cystic echinococcosis in 
Morocco. Vet Parasitol. 2006;137(1–2):83–93.

26. Omar M, Sultan K, Haridy M, Omran A. Prevalence of cystic echinococcosis in 
slaughtered ruminants in different abattoirs, upper Egypt. Am J Anim Vet Sci. 
2013;8(3):117–21.

27. Gareh A, Saleh AA, Moustafa SM, Tahoun A, Baty RS, Khalifa RMA, et al. Epide-
miological, Morphometric, and Molecular Investigation of cystic echinococ-
cosis in Camel and cattle from Upper Egypt: current status and zoonotic 
implications. Front Vet Sci. 2021;8(October):1–12.

28. El-Dakhly KM, Arafa WM, El-Nahass ESN, Shokier KAM, Noaman AF. The cur-
rent prevalence and diversity of cystic echinococcosis in slaughtered animals 
in Egypt. J Parasit Dis [Internet]. 2019;43(4):711–7. Available from:  h t t  p s : /  / d o  i .  
o r g / 1 0 . 1 0 0 7 / s 1 2 6 3 9 - 0 1 9 - 0 1 1 5 1 - 1       

29. Abdelbaset AE, Yagi K, Nonaka N, Nakao R. Cystic echinococcosis in humans 
and animals in Egypt: an epidemiological overview. Curr Res Parasitol Vector-
Borne Dis. 2021;1:100061.

30. Abbas I, El-Alfy ES, Janecek-Erfurth E, Strube C. Molecular characteriza-
tion of cysticercus tenuicollis isolates from sheep in the Nile Delta, Egypt 
and a review on Taenia hydatigena infections worldwide. Parasitology. 
2021;(May):1–53.

31. Omer RA, Dinkel A, Romig T, Mackenstedt U, Elnahas AA, Aradaib IE et al. A 
molecular survey of cystic echinococcosis in Sudan. Vet Parasitol [Internet]. 
2010;169(3–4):340–6. Available from:  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 1 6 / j . v e t p a r . 2 0 1 0 . 0 1 . 
0 0 4       

32. Elmahdi IE, Ali QM, Magzoub MMA, Ibrahim AM, Saad MB, Romig T. Cystic 
echinococcosis of livestock and humans in central Sudan. Ann Trop Med 
Parasitol. 2004;98(5):473–9.

33. Banda F, Nalubamba KS, Muma JB, Munyeme M, Mweemba Munang’andu H. 
A cross-sectional study investigating cystic hydatidosis in slaughtered Cattle 
of Western Province in Zambia. Int Sch Res Not. 2013;2013.

34. SIKASUNGE BANDAF, ADDY C, WASSERMANN F, MACKENSTEDT M, KERN U. P, 
Echinococcus Ortleppi and Echinococcus canadensis G6/7 affect domestic 
animals in western Zambia. Acta Trop. 2020;211.

35. Zaffarano GP, Miambo RD, Ussivane ÉE, Poglayen G, Morandi B, Mukaratirwa 
S, et al. Cystic echinococcosis in cattle (Bos taurus) from rural communities of 
Limpopo National Park, Gaza Province, Mozambique: a one health perspec-
tive. Rend Lincei Sci Fis e Nat. 2023;34(1):59–68.

36. Mogoye BK, Menezes CN, Wong ML, Stacey S, von Delft D, Wahlers K et al. 
First insights into species and genotypes of Echinococcus in South Africa. Vet 

https://doi.org/10.1016/j.parepi.2022.e00262
https://doi.org/10.1016/j.parepi.2022.e00262
https://doi.org/10.1016/bs.apar.2016.07.002
https://doi.org/10.1016/bs.apar.2016.07.002
https://doi.org/10.1016/j.parepi.2019.e00105
https://doi.org/10.1016/j.vas.2019.100050
https://doi.org/10.1016/j.vetpar.2010.08.009
https://doi.org/10.1016/j.vetpar.2010.08.009
https://doi.org/10.1007/s12639-019-01151-1
https://doi.org/10.1007/s12639-019-01151-1
https://doi.org/10.1016/j.vetpar.2010.01.004
https://doi.org/10.1016/j.vetpar.2010.01.004


Page 9 of 9Omadang et al. BMC Veterinary Research           (2025) 21:34 

Parasitol [Internet]. 2013;196(3–4):427–32. Available from:  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 
0 1 6 / j . v e t p a r . 2 0 1 3 . 0 3 . 0 3 3       

37. Wahlers K, Menezes CN, Wong M, Mogoye B, Frean J, Romig T et al. Human 
cystic echinococcosis in South Africa. Acta Trop [Internet]. 2011;120(3):179–
84. Available from: https:/ /doi.or g/10.10 16/j .actatropica.2011.08.006

38. Wahlers K, Menezes C, Wong M, … EZTL infectious, 2012 U. Cystic echinococ-
cosis in sub-Saharan Africa. Elsevier [Internet]. 2012 [cited 2019 Jun 26]; 
Available from:  h t t  p s : /  / w w  w .  s c i  e n c e  d i r  e c  t . c o m / s c i e n c e / a r t i c l e / p i i / S 1 4 7 3 3 0 9 
9 1 2 7 0 1 5 5 X .   

39. Wahlers K, Menezes CN, Romig T, Kern P, Grobusch MP. Cystic echinococcosis 
in South Africa: The worst yet to come? Acta Trop [Internet]. 2013;128(1):1–6. 
Available from: https:/ /doi.or g/10.10 16/j .actatropica.2013.06.002

40. Miambo RD, Afonso SMS, Noormahomed EV, Pondja A, Mukaratirwa S. Echi-
nococcosis in humans and animals in Southern Africa Development Com-
munity countries: A systematic review. Food Waterborne Parasitol [Internet]. 
2020;20:e00087. Available from: https:/ /doi.or g/10.10 16/j .fawpar.2020.e00087

41. Ohiolei JA, Li L, Ebhodaghe F, Yan H, Bin, Isaac C, Bo XW, et al. Prevalence 
and distribution of Echinococcus spp. in wild and domestic animals across 
Africa: a systematic review and meta-analysis. Transbound Emerg Dis. 
2020;67(6):2345–64.

42. Budke CM, Deplazes, Torgerson PR. Global socioeconomic impact of cystic 
echinococcosis. Emerg Infect Dis • www cdc gov/eid •. 2006;12(2):264–74.

43. Cardona GA, Carmena D. A review of the global prevalence, molecular epide-
miology and economics of cystic echinococcosis in production animals. Vet 
Parasitol [Internet]. 2013;192(1–3):10–32. Available from:  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 
1 6 / j . v e t p a r . 2 0 1 2 . 0 9 . 0 2 7       

44. Wilson CS, Jenkins DJ, Brookes VJ, Barnes TS, Budke CM. Assessment of the 
direct economic losses associated with hydatid disease (Echinococcus 
granulosus sensu stricto) in beef cattle slaughtered at an Australian abattoir. 
Prev Vet Med [Internet]. 2020;176(January):104900. Available from:  h t t  p s : /  / d o  i 
.  o r g / 1 0 . 1 0 1 6 / j . p r e v e t m e d . 2 0 2 0 . 1 0 4 9 0 0       

45. Jilo SA, Abadura S, zakir SN, Gelchu AA. Prevalence and economic impor-
tance of bovine hydatidosis in animal slaughtered in Dalomana municipal 
abattoir Southeastern, Ethiopia. 2022;1–15. Available from:  h t t  p s : /  / d o  i .  o r g / 1 0 . 
2 1 2 0 3 / r s . 3 . r s - 1 6 5 0 8 9 6 / v 1       

46. Bekele J, Butako B. Occurrence and financial loss assessment of cystic echi-
nococcosis (hydatidosis) in cattle slaughtered at Wolayita Sodo municipal 
abattoir, Southern Ethiopia. Trop Anim Health Prod. 2011;43(1):221–8.

47. Bekele J, Kebede W, Shiferaw SS. Prevalence and financial loss estimation of 
cystic echinococcosis in cattle slaughtered at Mizan Teferi and Teppi. Eur J 
Appl Sci. 2013;5(1):12–8.

48. Dawoud A, Almalaik A. Socio-economic impact of cystic echinococcosis (CE) 
on Agro-pastoral communities of South Darfur State, Sudan. Int Res J Public 
Environ Heal [Internet]. 2017;4(10):232–48. Available from:  h t t  p s : /  / j o  u r  n a l  i s s u  
e s .  o r  g / w p - c o n t e n t / u p l o a d s / 2 0 1 7 / 1 1 / A b a k a r - e t - a l . p d f       

49. Taha A, Saad S, Jubara A, Wani C, Phiri AM, Simuunza M, et al. Financial losses 
arising from cattle organ and carcass condemnation at Lokoloko Abattoir in 
Wau,South Sudan. Adv Prev Med. 2023;2023:1–6.

50. Bingham GM, Larrieu E, Uchiumi L, Mercapide C, Mujica G, Del Carpio M, 
et al. The economic impact of cystic echinococcosis in Rio Negro Province, 
Argentina. Am J Trop Med Hyg. 2016;94(3):615–25.

51. Ahmadi NA, Meshkehkar M. An abattoir-based study on the prevalence and 
economic losses due to cystic echinococcosis in slaughtered herbivores in 
Ahwaz, south-western Iran. J Helminthol. 2011;85(1):33–9.

52. Singh BB, Dhand NK, Ghatak S, Gill JPS. Economic losses due to cystic echino-
coccosis in India : Need for urgent action to control the disease. Prev Vet Med 
[Internet]. 2014;113(1):1–12. Available from:  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 1 6 / j . p r e v e t m 
e d . 2 0 1 3 . 0 9 . 0 0 7       

53. Moro PL, Budke CM, Schantz PM, Vasquez J, Santivanez SJ, Villavicencio 
J. Economic impact of cystic echinococcosis in Peru. PLoS Negl Trop Dis. 
2011;5(5):e1179.

54. Magambo J, Njoroge E, Zeyhle E. Epidemiology and control of echinococ-
cosis in sub-Saharan Africa. Parasitol Int [Internet]. 2006 [cited 2019 Jun 
26];55(SUPPL.). Available from:  h t t  p s : /  / w w  w .  s c i  e n c e  d i r  e c  t . c o m / s c i e n c e / a r t i c l 
e / p i i / S 1 3 8 3 5 7 6 9 0 5 0 0 1 3 4 0       

55. Oba P, Ejobi F, Omadang L, Chamai M, Okwi AL, Othieno E et al. Prevalence 
and risk factors of Echinococcus granulosus infection in dogs in Moroto and 
Bukedea districts in Uganda. Trop Anim Health Prod [Internet]. 2016 [cited 
2019 Jun 26];48(2):249–54. Available from:  h t t  p s : /  / l i  n k  . s p  r i n g  e r .  c o  m / a r t i c l e / 1 0 
. 1 0 0 7 / s 1 1 2 5 0 - 0 1 5 - 0 9 4 3 - z       

56. Othieno E, Okwi AL, Mupere E, Zeyhle E, Oba P, Chamai M et al. Risk factors 
associated with cystic echinococcosis in humans in selected pastoral and 
agro-pastoral areas of Uganda. Int J One Heal. 2017;3.

57. Othieno E, Ocaido M, Mupere E, Omadang L, Oba P, Okwi AL. Knowledge, 
Attitude, and Beliefs of Communities and Health Staff about Echinococ-
cus granulosus Infection in Selected Pastoral and Agropastoral Regions of 
Uganda. J Parasitol Res. 2018;2018.

58. Chamai M, Omadang L, Erume J, Ocaido M, Oba P, Othieno E et al. Identifica-
tion of echinococcus granulosus strains using polymerase chain reaction–
restriction fragment length polymorphism amongst livestock in moroto 
district, Uganda. Onderstepoort J Vet Res. 2016;83(1).

59. Omadang L, Chamai M, Othieno E, Okwi A, Inangolet FO, Ejobi F, et al. Knowl-
edge, attitudes and practices towards cystic echinococcosis in livestock 
among selected pastoral and agro-pastoral communities in Uganda. Trop 
Anim Health Prod. 2018;50(1):11–7.

60. Omadang L, Chamai M, Ejobi F, Erume J, Oba P, Ocaido M. Prevalence of 
cystic echinococcosis among livestock in pastoral and agro-pastoral areas in 
Uganda. Parasitology. 2024;151(1):68–76.

61. Eckert J, M G, Z M. E S. Guidelines for surveillance, prevention and control of 
Echinococcosis/ hydatidosis. Second. WHO. Geneva: WHO; 1984.

62. Polydorou K. Animal health and economics. Case study: echinococcosis with 
reference to Cyprus. Bull off Int Des Epizoot. 1981;93:981–92.

63. Payne W. Cattle production in the tropics. Vol. 1. General introduction and 
breeds and breeding. [Internet]. Cattle production in the tropics. Vol. 1. 
General …. London, UK.: Longman Group Ltd.; 1970. 336 pp. Available from: 
http:// www.cab direct. org/ abstracts/19710104120.html.

64. R Core Team. R Core Team. 2021 R: A language and environment for statistical 
computing, Vienna, Austria. R foundation for statistical computing.  h t t p s : / / w 
w w . R - p r o j e c t . o r g /     . R Foundation for Statistical Computing. 2022.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/j.vetpar.2013.03.033
https://doi.org/10.1016/j.vetpar.2013.03.033
https://doi.org/10.1016/j.actatropica.2011.08.006
https://doi.org/10.1016/j.actatropica.2013.06.002
https://doi.org/10.1016/j.fawpar.2020.e00087
https://doi.org/10.1016/j.vetpar.2012.09.027
https://doi.org/10.1016/j.vetpar.2012.09.027
https://doi.org/10.1016/j.prevetmed.2020.104900
https://doi.org/10.1016/j.prevetmed.2020.104900
https://doi.org/10.21203/rs.3.rs-1650896/v1
https://doi.org/10.21203/rs.3.rs-1650896/v1
https://journalissues.org/wp-content/uploads/2017/11/Abakar-et-al.pdf
https://journalissues.org/wp-content/uploads/2017/11/Abakar-et-al.pdf
https://doi.org/10.1016/j.prevetmed.2013.09.007
https://doi.org/10.1016/j.prevetmed.2013.09.007
https://www.sciencedirect.com/science/article/pii/S1383576905001340
https://www.sciencedirect.com/science/article/pii/S1383576905001340
https://link.springer.com/article/10.1007/s11250-015-0943-z
https://link.springer.com/article/10.1007/s11250-015-0943-z
https://www.R-project.org/
https://www.R-project.org/

	Risk factors and economic losses associated with cystic echinococcosis among livestock in selected pastoral and agro-pastoral areas of Uganda
	Abstract
	Introduction
	Materials and methods
	Study area
	Estimation of economic loss
	Data analysis

	Results
	Discussion
	Conclusion
	Recommendations

	References


