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Abstract
Cystic echinococcosis (CE) is a zoonotic parasitic disease caused by the larval stage (metacestode) of the tapeworm Echi-
nococcus granulosus sensu lato (s.l.). It is one of the most widespread zoonoses of veterinary and public health importance 
and constitutes a sanitary, economic, and socio-cultural concern globally. It is included in the WHO (World Health Organi-
zation) list of the most frequent Neglected Zoonotic Diseases (NZDs) and is a major problem in rural areas where hygienic 
measures are poor. Prevalence of the disease in humans is often underestimated given the challenges in carrying out studies 
in resource-poor communities in remote and isolated geographic areas. A prevalence and genotyping study was conducted 
in the Limpopo National Park (LNP) area, Gaza province, to evaluate effects of this parasitic disease on livestock produc-
tion, wildlife health, and possible public health risks in this human–wildlife interface conservation area. A total of 204 cattle 
were inspected in the Massingir slaughterhouse which is the focal point for all animals reared in the LNP and its buffer zone. 
Inspections detected 25 animals with cystic-like lesions in various organs, of which 22 were microscopically confirmed as 
E. granulosus s.l., representing a prevalence of 10.8%. Subsequent molecular analysis of the PCR samples and sequencing 
of the cox1 and nad1 genes confirmed that the samples belonged to strain G5, now reclassified as E. ortleppi, one of the 
known zoonotic Echinococcus species.
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1 Introduction

Cystic echinococcosis (CE) is a parasitic disease known 
since ancient times, documented by Hippocrates and Aris-
totle as "a cyst full of water" in human livers and lungs 
(Sotiraki et al. 2003).

It is present in the WHO (World Health Organization) 
list of Neglected Zoonotic Diseases (NZDs) (Webster et al. 
2015). CE is underreported and current data indicate that 
is re-emerging as a global public health problem (WHO 
2013). As a neglected disease, it represents a major public 
health problem in rural areas closely linked to the presence 
of pastoralism and where disease control measures as well 
as treatment of humans and dogs are nonexistent (Eckert 
et al.2000; Hotez et al. 2007).

CE is caused by the larval stage of Echinococcus granu-
losus sensu lato (s.l.) (Cestoda, Taeniidae; Batsch 1786). 
The biological cycle is indirect and requires two mammal 
hosts to complete, of which the definitive hosts are domes-
tic or wild canids (Poglayen et al. 2017a). Infected defini-
tive hosts are generally asymptomatic, where the small 
adult parasite (range from 5 to 7 mm in length depending 
on the species) is localized in the small intestine. Unlike 
other taeniids species, it produces no more than six seg-
ments which will be divided into a specialized anterior 
segment called scolex, a body called strobilia and several 
segments of reproductive units called proglottids in which 
the eggs are present (Eckert et al. 2001).

Inside the eggs are present the infectious forms of E. 
granulosus s.l. named oncospheres and are endowed with 
a high environmental resistance provided by the keratin 
membrane that surrounds them. Studies carried out in 
extreme conditions of arid climate have shown that Echi-
nococcus eggs can survive up to 41 months (Thevenet 
et al. 2005).

The host range of larval stages is quite diverse and 
includes numerous species of domestic and wild mam-
mals (Maillard et al. 2007). Eggs are ingested from pas-
tures or contaminated water and the enzymatic action of 
the stomach and the first intestinal tract triggers release 
of oncospheres. These pass through the intestinal barrier 
with the help of hooks that help it adhere to the intes-
tinal mucosa and reach the bloodstream and sometimes 
even the lymphatic vessels and are passively transported 
toward different organs (Eckert et al. 2001). Statistically, 
the most affected organs are the liver and lungs, respec-
tively; this is determined by the path followed by the blood 
vessels that starting from the intestines pass through the 
portal system; and it may happen that the oncosphere can 
also pass through the lungs and reach other districts of 
the body. Here, a slow-growing cystic structure develops 
with temporal variations determined according to the 

species of Echinococcus and texture of the occupied organ 
(McManus and Thompson 2003; Poglayen et al. 2017b).

The cyst is formed by an internal layer (germinal layer) 
and an external laminated acellular layer. The cyst is filled 
with transparent liquid in which protoscoleces are sus-
pended in different states of maturation that are generated 
by the inner membrane (Eckert and Deplazes 2004).

Humans are aberrant intermediate host, and generally 
are susceptible to infection due to poor sanitation, con-
taminated food, or water (Trachsel et al. 2007).

The variability from a genetic, host range, and mor-
phological point of view has created controversy regard-
ing the taxonomic classification of Echinococcus species 
(Busi et al. 2007). The use of molecular-based genotyping 
on the basis of mitochondrial DNA (mtDNA) has led to 
delineation of 5 species of to Echinococcus granulosus 
s.l. (Bowles et al. 1992; Laurimäe et al. 2018a): E. granu-
losus sensu stricto (s.s.) (G1 and G3) (Kinkar et al. 2017; 
Busi et al. 2007), E. equinus Williams and Sweatman (G4) 
(Thompson and McManus 2002; Lymbery et al. 2015), E. 
ortleppi Lopez-Neyra and Soler Planas, 1943 (G5) (Nakao 
et al. 2006; Bonelli et al. 2020), E. canadensis Webster 
and Cameron, 1961 (G6–7, G8 and G10) (Nakao et al. 
2013; Laurimäe et al. 2018b; Lavikainen et al. 2003), 
and E. felidis Ortlepp (1937) also defined as ‘lion strain’ 
(Hüttner et al. 2008).

The information available in the African continent on 
the prevalence and genotyping of E. granulosus s.l. is lim-
ited in humans, wildlife, and livestock. However, there 
have been reports of infections in animals and humans in 
southern Africa due to Echinococcus species, such as E. 
granulosus s.s., E. canadensis, E. ortleppi, E. equinus, and 
E. felidis (Mogoye et al. 2013; Halajian et al. 2017). In a 
study conducted in selected districts of Maputo, Gaza, and 
Inhambane in southern Mozambique on 817 cows and 68 
pigs, it was found that the average prevalence was, respec-
tively, 3.9% in cattle and 2.9% in pigs. Furthermore, E. 
ortleppi was isolated from these animals (Miambo et al. 
2022).

The Limpopo National Park (LNP) area is character-
ized by the presence of resource-poor rural communities 
where domesticated animals are raised, including cows, 
goats, pigs, and dogs. Coexistence of wildlife and human 
communities in the conservation area facilitates the spread 
of diseases at the wildlife/livestock/human interface. The 
purpose of this study was to provide data, through deter-
mining data on prevalence and genotypes of Echinococcus 
spp. in livestock in 21 rural communities (Fig. 1) in the 
Massingir District of Gaza Province located in LNP and 
the buffer zone. This research constitutes an appropriate 
One Health approach, because provides critical data of 
NZDs in a rural setting that spans a conservation area of 
high environmental importance.
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2  Materials and methods

2.1  Study area

The LNP is part of the Great Limpopo Transfrontier Con-
servation Area (GLTCA), formally established in November 
2000 as an agreement between the governments of South 
Africa, Mozambique, and Zimbabwe with the name of 
Gaza–Kruger–Gonarezhou transfrontier conservation area 
(GKG) (Wolmer 2003). It is bordered by the Limpopo River 
to the north and east, the Olifans River to the south and 
with South Africa to the west. It is part of the climatic areas 
defined as semi-arid, characterized by high temperatures and 
dry climate (FAO-SAFR 2004). The area covered by the 
park is about 1,213,315 ha in which there are at least 44 rural 
communities. In the internal area of the park and the buffer 
zone, the park hosts a variety of farm animals, with at least 
9000 cattle (Massé 2016).

The LNP has an average temperature of 18 °C and aver-
age precipitation of around 500 mm of rain per year (Stal-
mans et al. 2004). All these environmental factors, combined 

with limited drinking water resources, mean that wild and 
domestic animals often interact with each other especially 
at natural water in occupied areas of rural communities. One 
of the main land-related problems is the home slaughter of 
livestock, which is mainly practiced in the most remote 
villages. Our focal point was established in the Massingir 
village where there is a small slaughterhouse managed by 
the District Service of Economic Activity (SDAE). All the 
animals destined for public sale to the market are conveyed 
to this structure, but they constitute a minority compared 
to the large quantity of livestock present in the area. The 
advantage of this focal point is that it was possible to gather 
a large amount of information and to carry out an adequate 
post-mortem inspection.

2.2  Ante‑mortem inspection

Prior to slaughter, all animals were assessed during ante-
mortem inspection according to Mozambican regulations 
to ensure that they were fit for human consumption and had 
no public health issues. This is an examination aimed at 

Fig. 1  Map of Limpopo National Park and the communities examined by this study
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identifying sick or abnormal animals before they are slaugh-
tered, and all data relating to the individual animal are noted 
at this stage (Lahti and Soini 2014).

During this phase, an assessment of the body condition 
score (BCS) of each individual animal is carried out, to eval-
uate the general status of the animal. Animals were assigned 
a BCS value based on a five-point scale delineated by fat 
coverage in the lumbar, thoracic, and pelvic regions. Ema-
ciated animals have a score of 1; lean animals, 2; medium 
animals, 3; fat animals, 4; and obese animals, 5 (Ferguson 
et al. 1994).

2.3  Post‑mortem inspection

From October 2018 to March 2021, a total of 204 cattle 
slaughtered at Massingir abattoir were examined for the 
presence of hydatid cysts in lungs, liver, heart, spleen, and 
kidneys. Visual inspections and palpations were performed 
first followed by multiple incisions of the organs to detect 
hydatid cysts (Eckert et al. 2001). Once cysts were identi-
fied, they were carefully removed and put in 15- or 50-ml 
plastic tubes taking care to divide the aliquots of cystic tissue 
and hydatid fluid. The latter was sedimented, and then, the 
excess liquid was removed with the aid of a pipette, leaving 
only the sediment inside the test tube. The sediment with the 
protoscoleces was stored in 70% ethanol until processing.

2.4  Laboratory analysis of cysts

The biological material of cystic origin was subjected to 
microscopic examination to confirm E. granulosus infec-
tion and determine the fertility status of the cysts. Fertility 
was confirmed by the microscopic detection of protoscoleces 
(larvae) (Fig. 2), where the larvae were vital and in differ-
ent stages of maturation, clearly visible, with regular mar-
gins and showed the presence of flame cells. Based on this 
description, cysts were classified as fertile, sterile (acepha-
locysts) in which liquid is present, but protoscolic cannot be 
visualized or degenerated in which only a hint of membrane 
and the presence of caseous or calcified material inside can 
be evidenced (Varcasia et al. 2007).

2.5  Molecular analysis

DNA was extracted from a small piece of cyst membrane 
together with protoscoleces using a commercial kit (QIAamp 
DNA Mini  Kit®) following the manufacturer’s instructions 
with a modification of the initial incubation time to 5 h. The 
subunit 1 of the cytochrome c oxidase (cox1) and the subu-
nit 1 of NADH dehydrogenase (nad1) genes were amplified 
using the primers JB3:5′-TTT TTT GGG CAT CCT GAG GTT 
TAT -3′, JB4:5′ TAA AGA AAG AAC ATA ATG AAA ATG 
-3′′for cox1 and JB11: 5′-AGA TTC GTA AGG GGC CTA 

ATA-3′ and JB12: 5′-ACC ACT AAC TAA TTC ACT TTC-3′ 
for nad1 (Bowles et al. 1992; Bowles and McManus 1993), 
following cycling conditions described by Gasser et al. 
(1999) with an adjustment of the initial elongation time: 
initial denaturation of 95 °C for 5 min, followed by 35 cycles 
of denaturation at 94 °C for 30 s, annealing at 55 °C for 30 s, 
elongation at 72 °C for 1 min, and finally an elongation at 
72 °C for 5 min. The amplification was performed in 25 μl 
reaction volume composed by 1 µl of forward and reverse 
primers (10 µM), 6.5 µl of dH2O, 12.5 µl of Taq master 
mix (Thermo Fisher  Scientific®, USA), and 4 µl of DNA. 
Visualization of PCR products was made in agarose gel 1.5% 
stained with Safe green.

Amplicons of samples for cox1 and nad1 were sent to 
Inqaba Biotechnical Industries Ltd. in Pretoria, South 
Africa, for sequencing in two directions. The obtained 
sequences were assembled, manually edited, and aligned 
with homologous sequences from the GenBank database 
with Clustal W (Thompson et al. 1997) using the BioEdit 
program (Hall 1999).

2.6  Statistical analysis

The collected and recorded data were entered into a MS 
Excel spreadsheet, merged with the microscopical results, 
and then imported into Stata Statistical Software (Release 
15, College Station, TX: StataCorp LLC) for statistical anal-
yses. Animals were considered as positive when harboring 
cysts referable to Echinococcus granulosus s.l. in liver, lungs 
or both. BCS, age by year, sex, and locality (inside or outside 
LNP’s boundaries) were the independent variables obtained 
at the slaughterhouse. Mean and standard deviation (SD) 
were calculated for continuous variables. Pearson’s χ2 test 
was used to compare the proportion of positive cattle and 

Fig. 2  Invaginated protoscolex observed by microscopy (×40, Leica 
DM500) lactophenol cotton blue 10%
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categorical independent variables. Odds ratios (ORs) and 
their 95% confidence intervals (CIs) were reported. Results 
were considered significant when P ≤ 0.05.

3  Results

3.1  Demographic data and prevalence of cysts 
in study animals

A total of 204 animals were included in the study with 
an average of 4.1 (SD ± 2.5) ranging from 1 to 14 years, 
and 145 (71.1%) animals were males and 59 (28.9%) were 
females. On average, male animals were slaughtered younger 
(mean 3.1 years old ± 1.7) with respect to females (mean 
6.5 ± 2.5). One hundred and thirty-seven cattle (67.2%) were 
from localities outside the park’s boundaries and 67 (32.8%) 
within the park. The BCS revealed an overall mean of 2.69 
(SD ± 0.66), with more than half of the animals having a 
BCS reported as a value of 3. Overall, 10.8% (22/204) of 
the slaughtered cattle resulted positive for cysts referred to 
as E. granulosus s.l. Cysts were recovered in three cattle 
from liver and in the rest 19 from lung. A total of 25 cysts 
were collected (Figs. 3 and 4) from the 22 positive animals. 
Microscopic analysis showed that 22 of the specimens were 
identified as viable cysts of E. granulosus s.l.. Two of those 
were purulent-type degenerated (acephalocysts) and one 
calcified.

As regard of sex, the proportion of females detected 
positive resulted significantly larger (22%) compared to 
males (6.2%) (P = 0.001) showing 4.27 more chances 
to be detected with cysts compared to male (95% CI 
1.71–10.64). Cattle grazed within the LNP had 4.25 higher 

chance to be diagnosed positive compared to those out 
from the park (95% CI 1.69–10.75), and the proportion of 
those diagnosed positive were 20.9% and 5.8% within and 
outside the boundaries (P = 0.001). As for the age, cattle 
had around 1.22 more chance to be detected positive for 
each year increase (95% CI 1.04–1.42). Table 1 summa-
rizes quantitative analysis. 

3.2  Molecular results

Based on the cox1 gene, BLAST analysis of sequences of six 
isolates, all aligned E. ortleppi isolates from the GenBank 
with homology 100% with published E. ortleppi sequences 
from Italy (FJ744757), as shown of Fig. 5. Homology of 
100% with published E. ortleppi sequences from Italy 
(FJ744757) was verified. The clade B containing our isolates 
formed a monophyletic group with isolates from other loca-
tions. This clade formed a sister group with E. ortleppi iso-
late from Mozambique (MZ220594.1) and showed the rela-
tionship between E. ortleppi from Poland (MZ322608.1), 
and Tanzania (MN540101.1) and E. granulosus from India 
(MH428013.1) and Portugal (HF947565).

BLAST analysis of NAD gene for thirteen (13) sequences 
also identified all cyst isolates as E. ortleppi as shown in 
Fig. 6. In the Clade B, there was a homology of 100% of 
our samples with published E. granulosus sequence from 
Iran (HM749616) forming a monophyletic group. A para-
phyletic group was formed between our samples with iso-
late from Mozambique (MZ254630) which formed a sister 
group with E. ortleppi isolates from Sudan (JN637177), 
Egypt (MK492617), and Poland (MH492788) with homol-
ogy of 70%.Fig. 3  Hydatid cyst in the lung

Fig. 4  Hydatid cyst in the liver
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4  Discussion

To the best of our knowledge, this represents the first 
description of prevalence and genotyping of Echinococcus 
ortleppi in the LNP and provides preliminary data on this 
parasitic disease in fragile conservation areas where rural 
communities live in close contact with wildlife popula-
tions. In fact, the choice of Massingir district was weighted 
according to its geographical location, as there are rural 
communities devoted to pastoralism and many problems 
related to human–wildlife conflict are experienced in var-
ious forms. Livestock losses due to predator attacks or 
food competitions with large herbivores are just some of 
the more obvious consequences of this problem (Dunham 
et al. 2010). In this context, the study of zoonoses, and 
especially neglected ones whose impact on public health 
or livestock production is not well documented, is crucial.

In a study conducted by Miambo et al. (2022) in neigh-
boring districts of the same of Gaza Province and also in 
other provinces of Mozambique, it is noted that the average 
prevalence of CE never exceeded 4.2% of the total number 
of animals inspected at the slaughterhouse. This contrasts 
with our study where the prevalence was 10.6%.

The prevalence found in the District of Massingir com-
pared to the others registered in the country still represents 
a high value, but the interesting data are represented by the 
greater possibility, about four times higher, of an animal 
living inside the LNP to be parasitized by Echinoccoccus 
ortleppi.

This can be attributed to the presence of definitive hosts 
within the conservation area, which, in addition to having a 
large number of dogs from rural communities, sees the pres-
ence of wild canids and felines, such as lions (Panthera leo), 
hyenas (Crocuta crocuta), jackals (Lupulella mesomelas), 

Table 1  Summary of the 
investigated predictors, ORs, 
95% CIs, and P values related to 
the presence of CE

a Category referred to animals coming from “outside” and “inside” the LNP’s boundaries

Predictors # of animals # of pos (%) Pearson χ2 Odds ratio 95% CIs P value

Age 204 22 (10.8) – 1.22 1.044–1.422 0.012
Sex
 Male 145 9 (6.2) χ2 = 10.918 Baseline – 0.001
 Female 59 13 (22) 4.27 1.713–10.644

Origina

 Outside 137 8 (5.8) χ2 = 10.601 Baseline – 0.001
 Inside 67 14 (20.9) 4.26 1.688–10.748

Fig. 5  Neighbor-joining tree 
based on 220 nucleotide 
sequences of the cox1 region, 
illustrating the relationship 
between the samples collected 
from Limpopo National Park, 
district of Massingir and the 
GenBank sequences
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leopards (Pathera pardus), cheetahs (Acinonyx jubatus), 
and African wilddogs (Lycaon pictus) (Everatt et al. 2014; 
Andresen et al. 2012; Peace Parks Foundation 2015). Cer-
tainly, the role of these definitive hosts in the eco-epidemi-
ology of E. ortleppi is not entirely clear. It has been shown 
that in an area with small numbers of wild prey available, 
carnivores can concentrate their attacks on livestock prey, 
which contributes to a dual biological cycle of the parasite, 
i.e., domestic and sylvatic (Hüttner and Romig 2009).

The presence of E. equinus and E. felidis in the GLTC 
area has been demonstrated by several wildlife studies, 
particularly in the Kruger National Park and adjacent areas 
(Zaffarano et al 2021; Halajian et al. 2017). Therefore, this 
study provides additional knowledge that can assist policy 
makers in making decisions about livestock management in 
protected areas and in applying surveillance protocols for 
diseases that impact the public health of communities in the 
transboundary conservation area.

In animals that tested positive, a higher prevalence of 
Echinococcus cysts was found in the lungs than in the liver, 
while no cysts were found in other organs. This result may 
be related to the fact that lung tissue has a more sponge-
like and less rigid consistency, characteristic that are is 
conducive to cyst growth. But also possibly due to the fact 
that in these ruminants, oncospheres are more easily trans-
ported from the thoracic lymphatic duct to the lung level 
(Negash et al. 2013). This type of distribution of cysts in 
organs seems to be consistent with reports from other studies 

done in domestic livestock elsewhere (Himonas et al. 1987; 
Njoroge et al. 2002).

There is a 22% (OR 1.22) increase in being infected each 
year of age. This value can be associated with the fact that 
the increase in cyst size can be 1–5 cm per year, as antici-
pated in the introduction; in fact, this favors the possibility 
that cysts will be found on visual and tactile post-mortem 
inspection, because they are more visible. Older age is also 
often associated with E. granulosus exposure (Poglayen 
et al. 2017b), probably due to the likelihood of exposure 
increases with age. Indeed, these results report a signifi-
cant higher proportion of female cattle being positive to CE 
compared to male due to the fact that on average female is 
slaughtered at an older age with respect to males.

Data on BCS of animals in the geographical reference 
area are not directly correlated with the presence of patho-
logical or infectious conditions that alter body condition but 
are instead strongly influenced by various environmental and 
herd management factors. In particular, the climate of the 
area, which is characterized by even prolonged periods of 
drought, and the mode of pastoralism, which is practiced 
extensively with high energy expenditure caused by the 
great distances the animals travel daily in search of pasture 
and water, coupled with poor livestock support, mean that 
the animals have very different body conditions at differ-
ent times of the year. In general, therefore, we can say that 
no direct correlation was found between the presence of 
E. granulosus and altered body condition. We can say that 

Fig. 6  Neighbor-joining tree 
based on 485 nucleotide 
sequences of the NAD region, 
illustrating the relationship 
between the samples collected 
from Limpopo National Park, 
district of Massingir and the 
GenBank sequences
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animals in good body condition or those with debilitating 
diseases in old age are sold for slaughter. The latter charac-
teristic is still very much influenced by cultural aspects that 
make the animal as a prestige value for the family, so gener-
ally animals in average condition and optimal production are 
not slaughtered in large numbers (Direito 2021).

The genotype G5 isolated from cattle of LNP area seems 
to be dominant in Mozambique and neighboring countries 
in both wild, cattle and humans (Obwaller et al. 2004; Gre-
nouillet et al. 2014; Aschenborn et al. 2022). However, cattle 
were reported to be the preferred animal host for E. ortleppi 
(Nakao et al. 2013). For both NAD and COX genes, isolates 
from cattle of previous study conducted in Mozambique by 
Miambo et al. (2022) formed a different clade with isolates 
from our study. This may be due to possible differences in 
the definitive hosts involved, since cattle from the reported 
study were from livestock raised together with domestic 
dogs, and for our study, there may be wild canids involved 
in the transmission cycles and also due to geographic differ-
ences in location. NAD gene homology of 100% between E. 
ortleppi and E. granulosus sequence from Iran (HM749616) 
was verified forming monophyletic group. This is not sur-
prising, since E. ortleppi and E. granulosus s.s are both 
haplotypes of Echinococcus granulosus s.l. (Deplazes et al. 
2017).

5  Conclusion

The development of increasingly advanced diagnostic tech-
niques, such as polymerase chain reaction (PCR), has made 
it possible to identify new genotypes of Echinococcus and 
to better understand the ecology of this parasite. Neglected 
characteristics of this parasitic zoonosis are reduced when 
a multisectoral research effort involving aspects of public 
health, animal health, and habitat can be implemented. This 
concept is the basis of the One Health approach. Therefore, 
the development of further research activities to verify the 
presence of E. granulosus s.l. in wild species, other domestic 
animal species, and especially the search for data on human 
populations living near conservation areas is critical to help 
understand the epidemiological dynamics of this parasitic 
disease.
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