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Abstract
In rural communities of Mozambique, dogs are utilized not only as companion animals, but also for shepherding 
livestock, guarding, and hunting purposes, increasing exposure of humans to zoonotic parasites. Thus, we 
conducted a study to assess knowledge, attitudes, and perceptions of rural dog owners living in the districts 
of Gaza and Inhambane provinces, south of Mozambique, on cystic echinococcosis (CE) followed by a survey 
on the prevalence of gastrointestinal parasites with emphasis on Taeniidae infection in dogs from the same 
districts. A structured questionnaire was administered to 335 dog owners to assess their knowledge, attitudes and 
perceptions related to the risk factors for transmission, control, and prevention of CE. Responses were analyzed 
with SPSS software using the Chi-square test. To determine the prevalence of endoparasites, 723 dog fecal 
samples were collected and processed using a flotation technique to detect helminths/protozoa eggs/cysts/
oocysts and modified Ziehl Neelsen staining to detect Cryptosporidium oocysts. Samples positive for taeniids were 
further processed to identify them to species level using molecular techniques. 3% (10/335) of respondents of the 
questionnaire were aware of CE which was higher in males (2.7%; 9/335) compared to females, in respondents 
aged 26–45 years old (2.1%; 7/335), and in agro-pastoralists (1.8%; 6/335). An overall prevalence of 93.7% (678/723) 
for at least one parasite species was found. Prevalence was 7.6% (55/723) for Spirocerca spp., 50.9% (368/723) for 
Ancylostoma spp., 4% (29/723) for Toxocara spp., 5.4% (39/723) for Trichuris spp., 8.7% (63/723) for Sarcocystis spp., 
8.4% (61/723) for Dipylidium caninum, 8.7% (63/723) for Isospora spp., 2.2% (16/723) for Giardia spp. and 1.7% 
(12/723) for Cryptosporidium spp. Prevalence of taeniids was 2.4% (17/723) with six isolates identified as Taenia 
hydatigena and two as Taenia multiceps. Results of questionnaire survey showed that the Knowledge of cystic 
echinococcosis in districts of southern Mozambique was limited, and we recommend the development of targeted 
public health campaigns to raise awareness of local communities about transmission cycles and prevention CE. 
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Introduction
Cohabitation between humans and dogs is associated 
with increasing risk of circulation and transmission of 
food and waterborne zoonotic helminths and protozoa 
with significant public health problems [1, 2]. Such hel-
minths include members of the Taeniidae family namely 
Echinococcus, Taenia, Hydatigena and Versteria [3]. Echi-
nococcus granulosus sensu lato, E. multilocularis are the 
causative agents of cysts and alveolar echinococcosis 
respectively [4]; while Taenia serialis and T. multiceps 
causes of coenurosis in humans and small ruminants [5, 
6]. The Dipylidiidae family consists of Dipylidium cani-
num which cause dipylidiosis [7–9].

In low-income countries with extensive sheep breed-
ing, poor resources, and limited health and veterinary 
care, attention has been given to cystic echinococcosis 
(CE) which remains a public health issue [10–13]. CE 
is a financial and economic constraint due to hospital 
costs for humans and condemnation of infected organs 
mainly the liver and lungs in slaughterhouses during 
meat inspection [4, 14, 15]. In dogs and humans, the 
infection is usually subclinical and asymptomatic even in 
heavy infections [16]. Transmission cycles consist of dogs 
accessing raw and infected offals, whilst humans and 
livestock can be infected when they have access to tae-
niid eggs from drinking contaminated water or ingestion 
of contaminated raw vegetables/ pastures. Risk factors 
for CE include dog ownership together with livestock, 
slaughter at home, feeding dogs with contaminated 
offals, poor sanitation, living in rural areas and younger 
age [17].

The geographical distribution of echinococcosis is cos-
mopolitan and has been reported in all continents except 
Antarctica. In sub-Saharan Africa, high prevalence rates 
have been reported in northern and eastern African 
countries [18–20] compared to southern African coun-
tries [21]. Regarding species and genotypes, E. granulosus 
sensu stricto (G1, G3) is reported to be more prevalent 
in East Africa; E. canadensis (G6/7) in North and West 
Africa and E. ortleppi (G5) in Southern Africa [22].

Effective control of the disease is complex due to the 
number of intermediate hosts involved and includes pub-
lic health education programs on the parasite cycle, host 
species involved and transmission pathways, especially 
in endemic rural and pastoral communities where live-
stock husbandry is the main source of livelihood is highly 
recommended [10, 23]. Reinforcement of veterinary 
surveillance, restricting home slaughter practices, and 

encouraging proper disposal of infected organs (burn or 
bury) to limit dog access, all supported by meat inspec-
tors’s training must be taken into consideration [10].

In Mozambique, reports on Echinococcus spp. either in 
dogs or in humans are limited [21]. Eggs of the Taeniidae 
family were isolated from domestic dogs in a southern 
district of Mozambique, however, the genus and/or spe-
cies involved were not identified [24]. In humans, a sero-
prevalence of 14% for E. granulosus has been reported 
by Noormahomed et al. (2014), however, information on 
CE epidemiology and risk factors for CE is still unclear 
[25]. Thus, the aim of this study was to assess the knowl-
edge, attitudes and perception of livestock farmers to CE 
and also to determine the prevalence of E. granulosus 
sensu lato in domestic dogs from southern districts of 
Mozambique.

Materials and methods
The study was conducted in southern districts of Mozam-
bique and it combined interviews with dog owners, a 
coprological survey of dog endoparasites and molecular 
analysis of Taeniidae eggs (Fig. 1).

Interviewing of dog owners
We administered a total of 335 structured questionnaires 
(developed for this study, see Supplementary file 1) to 
dog owners in English and back-translated to the local 
language (xi-changana) or to Portuguese, depending on 
the language proficiency of the person being interviewed. 
The questionnaire assessed knowledge level, attitudes, 
and perceptions of dog owners regarding transmission, 
control, and prevention of CE. Questionnaires were 
administered by the principal investigator, who is a vet-
erinary doctor (RDM) and a local technician who was 
trained to administer the questionnaire.

A pre-test study was conducted outside the study 
area to validate the questionnaire before the start of the 
study and included the local veterinary technician for 
each study location. The questionnaire consisted of three 
groups of questions; the first group was related to gen-
eral demographic information of participants, the second 
consisted of information on community practices related 
to the risk of CE infections and the last set of questions 
focused on knowledge, attitudes and perceptions on CE. 
A photograph of a hydatid cyst in the liver and the lung 
was shown to participants to verify if they had ever seen 
or heard of such cyst(s) in organs of slaughtered live-
stock. Participants were selected for the study using a 

Future epidemiological studies should be conducted to investigate the potential source of CE infections in cattle by 
screening both wild and domestic canids.
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systematic random sampling after an oral consent form 
each participant confirming willingness and availability 
to participate in the study.

The following inclusion criteria were considered for a 
respondent to be eligible for the interview (i) being from 
a household with at least one dog, (ii) age of respondent 
above 18 years old, (iii) fecal sample(s) obtained from 
their dog(s) and (iv) having signed a consent form.

Coprological survey of endoparasites in dogs
This was to assess the prevalence of gastrointestinal para-
sites by using flotation solution and molecular methods 
were exclusively used to identify taeniid eggs isolated 
from fecal samples during flotation to species level 
(Fig.  1). Prior to the start of the study, a verbal consent 
was provided by dog owners to enable to access their 
dogs and to participate in the study. The study coincided 
with the anti-rabies vaccine campaign from December 
2019 to November 2021 in selected communities of Lim-
popo National Park in the districts of Mapai, Chibuto 
and Massingire in Gaza province and in Mabote district, 
Inhambane province, located in the southern region of 
Mozambique (Fig.  2). The districts were conveniently 
selected based on the reported prevalence of 3.9% of E. 
granulosus by Miambo et al. (2022) in slaughtered cattle 
from the same study area [26].

Dogs were sampled from designated points during 
vaccination campaigns against rabies and in commu-
nity residences of study district according to household’s 
availability to handle their dogs. The sample size was 
determined with 95% of confidence level and 5% of pre-
cision level and estimated prevalence of 2.4% [27] using 

the following formula of [28]: n = 1.962P exp (1−P exp)
d2  

where Pexp is the expected prevalence; d the level of 
precision and n the required sample size. The sample 
size was adjusted (Naju) based on the district popula-
tion size (N) of each district provided by the Ministry of 
Agriculture and the estimated sample size (n = 384), using 
the following formula: Naju = N∗n

N+n . We obtained 388 
samples from Massingire, 64 from Mapai, 109 in Mabote 
and 162 in Chibuto giving a total of 723 fecal samples 
which were collected from the rectum of dogs using latex 
gloves and identified with a unique number, location, age 
and sex. All samples were preserved in 70% ethanol and 
sent to the laboratory of parasitology, Faculty of Veteri-
nary, Eduardo Mondlane University in Mozambique for 
further processing by copro-parasitological techniques 
using sugar flotation with specific gravity 1.27 for hel-
minths eggs/oocysts/cysts isolation and by modified 
Ziehl-Neelsen staining for Cryptosporidium spp. oocysts 
identification [29].

Molecular analysis of taeniid eggs
All samples positive for taeniid eggs were sent to a labo-
ratory for Molecular Biology, University of Sassari, Italy, 
for molecular analysis by PCR technique to identify the 
genus and/or species of the taeniid eggs.

DNA was extracted using the QIAmp DNA Stool Mini 
Kit (QIAGEN, Hilden, Germany) in accordance with 
the manufacturer’s instructions. A fragment of approxi-
mately 391  bp coding for the partial cytochrome c oxi-
dase 1 (Cox1) was amplified using the primers JB3 (5′-​T​T​
T​T​T​T​G​G​G​C​A​T​C​C​T​G​A​G​G​T​T​T​A​T-3′) and JB4.5 (5’-​A​

Fig. 1  Workflow chart of study participants (dogs and humans) representing the recruitment strategy, laboratory diagnostics and questionnaire contents
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Fig. 2  Location of dog sampling and questionnaire points in districts (represented by red stars) of Massingire, Chibuto, Mapai and Mabote in southern 
Mozambique. Created by Fernando Chanisso Mulandane based on shapefiles moz_adm_20190607_shp from Mozambique - Sub-national Administrative 
Boundaries (​h​t​t​p​​s​:​/​​/​d​a​t​​a​.​​h​u​m​​d​a​t​​a​.​o​r​​g​/​​d​a​t​​a​s​e​​t​/​c​o​​d​-​​a​b​-​m​o​z​?​ ) and the World Database on Proteted Areas (WDPA) (​h​t​t​p​s​:​​​/​​/​w​w​​w​.​​p​r​o​​t​e​c​t​​e​d​p​​l​a​​n​e​​t​​.​n​​e​​t​/​c​​o​
u​​n​t​​r​y​/​M​O​Z)

 

https://data.humdata.org/dataset/cod-ab-moz?
https://www.protectedplanet.net/country/MOZ
https://www.protectedplanet.net/country/MOZ
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A​A​G​A​A​A​G​A​A​C​A​T​A​A​T​G​A​A​A​A​T​G-3’) according to 
Bowles et al. (1992) [30]. PCR reactions were carried in 
a final volume of 25  µl containing 10X PCR buffer, 1.5 
mM MgCl2, 0.2 mM of deoxynucleotide triphosphate 
(dNTPs), 0.2 µM of every primer and 1U of Thermus 
aquaticus DNA Polymerase (Thermo Fisher Scientific, 
Massachusetts USA) and 5  µl of genomic DNA. The 
thermal cycler conditions were 95 °C for 5 min, followed 
by 30 cycles at 94  °C for 30  s, 50  °C for 45  s, 72  °C for 
35 s, and a final extension step at 72 °C for 10 min. PCR 
products were purified using Nucleospin Gel and PCR 
Clean Up (Macherey–Nagel GmbH & Co. KG, Duren, 
Germany) and sent for sequencing (Eurofins Genomics, 
Ebersberg, Germany).

Data analysis
Data were entered into Excel and exported to SPSS soft-
ware version 20.0. For questionnaire data, descriptive sta-
tistics, and proportions at 95% confidence interval were 
applied and a p-values < 0.05 were considered statistically 
significant. Prevalence of parasites was determined based 
on the number of dogs infected by a specific egg/oocysts/
cysts divided by the total number of examined dogs. 
Associations between frequencies of positivity for the 
detected parasites among sampling locations were deter-
mined using the chi-square or Fisher’s exact test and a 
p-value < 0.05 was considered significant. Sequences were 
BLASTED in NCBI for identification with comparisons 
for similarity with sequences from GenBank.

Results
Demographic information
A total of 335 dog owners were interviewed and 85.4% 
(286/335) of participants being males, and 83.0% 
(278/335), aged between 26 and 45 years with a mean age 
of 34 years (Table 1). Agro-pastoralism was the dominant 
livelihood activity by the study communities with 61.6% 
(206/335), followed by pastoralism with 34.9% (117/335) 
(Table 1).

Community practices, dog care and general hygiene
Results from respondents on dog care and general 
hygiene practices are shown in Table  2. Most of the 

farmers owned livestock (76.7%; 257/335) and cattle were 
the main animal species raised by the community. Home 
slaughter of livestock especially of small ruminants was 
found to be a common practice (51%; 171/335) mostly 
during festive seasons.

Boy children were usually responsible for taking care 
of dogs (80.3%) and both boy and girl children were 
responsible for guiding cattle to grazing areas. The main 
purpose of dog ownership was to herd livestock (41.2%; 
138/335) and hunt (27.2%; 91/335). Most dogs were 
allowed to roam freely (95.8%) defecating in the pasture 
area (66.6%). A smaller proportion of dogs were confined 
to roaming in the homestead yard (4.2%; 14/335). All 
participants of the study stated that their dogs had never 
been dewormed or treated even when sick due to the 
inability to pay for anthelminthic drugs and/or due to the 
lack of veterinary pharmacies in the districts of Mapai 
and Mabote. According to respondents, the only veteri-
nary assistance given to dogs is the vaccination against 
rabies once a year when and if there was availability of 
vaccines offered freely by the government. Contact of 
dogs with wild animals was reported by participants from 
Mabote (69.7%; 76/109) and Chibuto (74.0%; 120/162) 
districts.

Home slaughtering of livestock was common (51.0%; 
171/335) and the source of drinking water was untreated 
for all respondents. Washing fruits and vegetables before 
eating was practiced by 24.8% (83/335) and washing of 
hands by 33.1% (111/335) of the respondents.

Knowledge and perception on cystic echinococcosis
Respondents who knew or ever heard about zoonotic 
diseases transmitted by dogs were 50.8% (170/335); and 
of these, 67% (114/170) mentioned rabies, locally called 
“mlungise” (Fig. 3), and explained the transmission of the 
disease associating it with mortalities and witchcraft.

Knowledge of CE by district, sex and age in dog owners 
of southern districts of Mozambique is shown in Table 3. 
In total, 3% (10/335) of the respondents were aware of 
CE, however, when they were shown a photograph of a 
hydatid cyst 39.1% (134/335) of respondents confirmed 
to have observed such cysts in carcasses and organs, 
especially in goats but they did not know the causative 
agent. When asked about the location of observed cysts, 
they referred to the liver, lungs, muscles and intestines 
and the infected viscera/organs were usually fed to dogs 
60.4% (81/134), buried 14.9% (20/134) or thrown away 
24.6% (33/134) (Table 2).

Analysis of knowledge on CE according to demographic 
data (Table  3), showed that knowledge was higher in 
districts of Mabote and Chibuto (1.2%; 4/335), in males 
(2.7%; 9/335), in respondents aged between 26 and 45 
years old and in agropastoralists (1.8%; 6/335) compared 
to other groups, however, none of the participants knew 

Table 1  Demographic data of study questionnaire participants
Variable Category Frequency (%) 95% CI
Sex Male 286(85.4) 81.5–89.0

Female 49(14.6) 11.0-18.5
Age group 18–25 22(6.6) 4.2–9.5

26–45 278(83.0) 78.8–86.9
> 45 35(10.4) 7.5–13.7

Occupation Student 12(3.6) 1.8–5.7
Pastoralist 117(34.9) 29.9–40.0
Agro-pastoralist 206(61.6) 56.1–66.9
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Table 2  Responses on knowledge, practices, and attitudes towards cystic echinococcosis in Southern districts of Mozambique
Question Response Frequency (%) 95% CI
Person in charge of dog(s) care Children 269(80.3) 76.1–84.5

Women 32(9.6) 6.6–13.1
Men 9(2.7) 0.9–4.8
Children and Women 25(7.5) 4.8–10.4

Purpose of dog ownership Guard 88(26.3) 21.5–31.0
Hunt 91(27.2) 22.4–31.0
Companionship 18(5.4) 3.3–7.8
Shepherd 138(41.2) 35.8–46.9

Livestock ownership Yes 257(76.7) 71.9–81.2
No 78(23.3) 18.8–28.1

Home slaughter practice Yes 171(51.0) 46.0- 56.4
No 164(49.0) 43.6–54.0

Cysts observed in viscera Yes 134 (40) 34.4–44.2
No 201(60) 55.8–66.6

How infected organs are disposed Feed dogs 81(60.4) 52.2–68.7
Throw away 33(24.6) 17.6–32.1
Bury 20(14.9) 9.0-21.6

How are dogs kept Roam free 321(95.8) 93.7–97.9
Yard 14(4.2) 2.1–6.3

Where dogs defecate Pasture area 246(73.4) 68.7–78.5
Yard 32(9.6) 6.3–12.8
Surrounding neighbors 57(17) 13.1–21.5

Dogs deworming Yes 4(1.2) 0.3–2.4
No 331(98.8) 97.6–99.7

Washing of fruits and vegetables before consumption Yes 83(24.8) 19.7–29.9
Sometimes 252(75.2) 69.9–80.0

Washing hands before eating Yes 111(33.1) 28.7–38.5
No 97(29) 24.2–34.3
Sometimes 127(37.9) 32.5–43.0

Water treatment (boiling) Yes - -
No 335(100) 100

Contact of dogs with wild animals Yes 198(59.1) 54.0-64.5
No 137(40.9) 35.5–46.0

Fig. 3  Diagram showing respondents’ knowledge on zoonotic diseases transmitted from dogs to humans in southern Mozambique with rabies as the 
only known disease
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about prevention and treatment of CE and differences 
were not significant.

Prevalence of Gastrointestinal parasites in dogs
The median age of the dogs was 2.6 years old, 39.4% 
(285/723) were under the age of 2 years, 60.6% (438/723) 
were above this age and the majority 61.5% (445/723) of 
the dogs were males. The prevalence of parasites iden-
tified according to each study district is summarized in 
Table 4. Overall, 94% (678/723) of the dogs were infected 
with at least one parasite. The prevalence of Taenia spp. 
was 2.4% (17/723) with high values reported in Chibuto 
(3.7%; 6/162) followed by Mapai (3.1%; 2/64) and Mass-
ingire (2.3%; 9/388) districts. Most of the taeniids (70.5%; 
12/17) were observed from dogs ≥ 3 years old.

The overall prevalence of Spirocerca spp. was 7.6% 
(55/723), Ancylostoma spp. 50.9% (368/723), Toxocara 
spp. 4% (29/723), Trichuris spp 5.4% (39/723), Sarcocystis 
spp. 8.7% (63/723), Dipylidium caninum 8.4% (61/723), 
Isospora spp. 8.7% (63/723), Giardia spp. 2.2% (16/723) 
and Cryptosporidium spp. 1.7% (12/723). The preva-
lence of Ancylostoma and Dipylidium was significantly 

higher in the district of Massingire than in other districts 
(p < 0.05).

Molecular characterization of taeniid eggs
From 17 positive samples for Taenia spp. eggs, eight were 
amplified by PCR technique and BLAST analysis identi-
fied as Taenia multiceps (2) and Taenia hydatigena (6). 
Sequences were deposited in GeneBank with accession 
numbers PQ345436 - PQ345443. Isolates of T. multi-
ceps showed a homology of 98.8% and 99.48% with pre-
viously published sequences of T. multiceps from China 
(KX547642.1 and MW228809.1) and homology of 99.7% 
to published sequences of T. hydatigena from Mongolia 
(AB792722.1) and Iran (MN478491.1).

Discussion
In the group of zoonotic diseases transmitted by dogs, 
our study showed that communities of southern districts 
of Mozambique were more aware of rabies compared to 
CE and other parasitic zoonotic diseases. Echinococcus 
and CE were unfamiliar to the respondents.

The importance given to rabies in the region can be 
associated with the severe symptoms of the disease. It is 

Table 3  Demographic characteristics of respondents on knowledge and perceptions of cystic echinococcosis in Southern districts of 
Mozambique
Variable Category Knowledge about cystic echinococcosis

Yes (%)
(n = 10)

No (%)
(n = 325)

OR, 95% CI p-value

District Mapai 2 (0.6) 62 (18.5) 0.038 (0.012–0.101) 0.841
Mabote 4 (1.2) 105 (31.3)
Chibuto 4 (1.2) 158 (47.2)

Gender Female 1 (0.3) 48 (14.3) 0.028 (0.002–0.095) 0.747
Male 9 (2.7) 277 (82.7)

Age 18–25 0 22 (6.6) 0.070 (0.041–0.290) 0.116
26–45 7 (2.1) 271 (80.9)
> 45 3 (0.9) 32 (9.6)

Occupation Student 1 (0.3) 11 (3.3) 0.065 (0.027–0.273) 0.432
Pastoralist 3(0.9) 114 (34.0)
Agro-Pastoralist 6(1.8) 200 (59.7)

Table 4  Prevalence of Gastrointestinal parasites of dogs in selected districts of Southern Mozambique (N = 723)
Parasites Mapai

N = 64(%)
Mabote
N = 109 (%)

Chibuto
N = 162(%)

Massingire
N = 388(%)

TOTAL
N = 723 (%)

p-value

Ancylostomaspp 25(39.1) 48(44.0) 80(49.4) 215(55.4) 368(50.9) < 0.05
Toxocaraspp 2(3.1) 6(5.5) 9(5.6) 12(3.1) 29(4.0) 0.616
Trichurisspp 3(4.7) 6(5.5) 4(2.5) 26(6.7) 39(5.4) 0.387
Spirocercaspp 3(4.7) 11(10.1) 8(4.9) 33(8.5) 55(7.6) 0.419
Dipylidium caninum 4(6.3) 6(5.5) 2(1.2) 49(12.6) 61(8.4) 0.051
Taenidae eggs 2(3.1) 0 6(3.7) 9(2.3) 17(2.4) 0.09
Isosporaspp 6(9.4) 14(12.8) 6(3.7) 37(9.5) 63(8.7) 0.095
Giardiaspp 1(1.6) 0 8(4.9) 7(1.8) 16(2.2) < 0.01
Cryptosporidiumspp 1(1.6) 0 3(1.9) 8(2.1) 12(1.7) 0.062
Sarcocystisspp 6(9.4) 14(12.8) 6(3.7) 37(9.5) 63(8.7) 0.343
N = Sample size
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understood that infection in humans normally leads to 
death [31, 32]. Indeed, some of the survey participants 
stated that they had families and neighbors who had 
contracted the disease as confirmed by this statement by 
one of the respondents “Our dogs are sometimes severely 
injured by wild dogs and mlungice cases always start 
when these dogs are hungry and approach to our commu-
nities attacking our herds.”

Knowledge of CE from respondents from our study 
was comparable to the study by Khan et al. (2018) in 
Pakistan and we associate the lack of knowledge on the 
disease with limited veterinary services in the study dis-
tricts, lack of awareness and apparent chronic nature of 
the disease and unknown burden associated with the 
disease related to low to none research interest on the 
parasite in animals and humans [21, 33]. The disease has 
been under-reported in Mozambique for more than fifty 
years in animals [21, 34] with only one serological study 
in humans [25]. In this study, HIV patients were tested 
and 7.3% were seropositive to Toxocara spp. and 17.3% to 
Echinococcus spp. in the province of Beira, Central region 
of Mozambique. In Sudan, the study of Wumbiya et al. 
(2017) reported a knowledge level of 41.9% [35], a value 
higher than that of our study.

Analysis of demographic factors showed higher knowl-
edge levels within male participants compared to females, 
and in respondents aged between 26 and 45 years than 
in younger age groups. Our results differed from those 
reported by [36] where agropastoral and participants 
above the age of 36 were less knowledgeable of CE. In our 
study, knowledge may have been better in males because 
according to our study participants, males are respon-
sible for livestock slaughtering having more chances to 
observe infected animals compared to female respon-
dents. This might also have been influenced by the fact 
that most participants of the study (85.4%) were males.

Practices such as home slaughtering and feeding of 
dogs with infected offal by community members which 
are associated with low knowledge levels were predomi-
nant in the study area and might be contributing to dog 
infections and contamination of pastures with taeniids. 
Practices identified that may increase the risk of human 
infection were use of untreated water for drinking pur-
poses, irregular washing of hands, and of fruits and 
vegetables before eating. Our results differed from the 
results by Khan et al. (2018) where good practices were 
implemented by 50% or more of the study participants 
[33]. Although in both studies, low knowledge level (3% 
and 4%) was reported. Children were mostly referred in 
our study to oversee dog care (80.3%) and this was signifi-
cant. Since these dogs were not dewormed, kids might 
get infected at a younger age and symptoms only appear 
many years after and negatively affect their quality of life. 

Knowledge and perceptions of communities about CE 
was limited 3% (10/335).

Circulation of wild canids in pasture areas in com-
munities of Mabote and Chibuto was reported and the 
potential of these hosts as reservoirs for the parasite 
must be taken into consideration [37]. Since we did not 
get positive dogs infected with E. granulosus, but posi-
tive livestock [21], we suspect the involvement of wild 
canids in the transmission of the parasite to livestock and 
potentially to humans. This is even real in communities 
within the National Park of Limpopo interface, which is 
a conservation area where different species of wild canids 
cohabit in the same environment with humans with the 
possibility of establishing a sylvatic cycle of E. granulosus 
in domestic environment.

Our results indicate that amongst dogs surveyed, 94% 
were infected by at least one parasite species.

The prevalence of 2.4% for taeniids in our study was 
higher than the value of 1.9% reported by Miambo et 
al. (2019) [24] in the same region of Mozambique and 
lower than the values of 19.67% reported in Nigeria [38], 
23.87% in Ethiopia [39] and 73.2% in Tanzania [40]. There 
are other possible explanation for missing out on E. gran-
ulosus from the taeniid positive dogs or from this study. 
(i) The low CE prevalence in livestock as mentioned 
in the discussion could be associated with the findings 
of this study, few dogs positive for taeniid eggs, mean-
ing limited transmission (ii) The methodology used, for 
mixed infection of Taenia and Echinococcus species, the 
single PCR is likely to pick out the dominant infection 
and therefore missing out the lesser infections. Nested 
PCR on individual eggs followed by RFLP or sequencing 
has the capability to detect mixed infections [41–43]. (iii) 
We cannot rule out the involvement of wild canids/felids 
in the transmission cycle, as shown recently in Namibia 
were all the 5 species/genotypes of E. granulosus sensu 
lato are well established in wildlife [44]. Our study adds 
more value in comparison to the previous studies con-
ducted in Mozambique by the fact that the taeniids iso-
lated were identified to species level. To our knowledge, 
this is the first study in Mozambique identifying taeni-
ids from dog fecal samples using molecular tools. Tae-
nia multiceps was detected in low frequency compared 
to T. hydatigena. The difference between the infection 
of Taenia multiceps and T. hydatigena in dogs could be 
associated with the mode of transmission, cysticerci of T. 
hydatigena are easily accessible compared to T. multiceps 
(location in the body), and generally in most studies the 
former is more common, although it might depend on 
the region [42]. Sheep and goats are common intermedi-
ate hosts for T. multiceps and T. hydatigena is responsible 
for negative impact on animal production and economic 
losses in poorly resourced farming [45, 46] whilst T. mul-
ticeps is of public health importance as a zoonosis with 
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the parasite larvae being located in the brain, spinal cord 
and eyes, leading to neurological symptoms such as epi-
leptic seizures, intracranial hypertension and hydroceph-
alus [47]. These results indicate that the dogs from our 
study area were fed raw organ meats, which was expected 
since they are raised alongside goats, sheep and cattle. 
A high prevalence of the parasite has been reported in 
goats in in the province of Tete in Mozambique [48]. 
The parasite causes a negative impact in animal produc-
tion and economic losses. Additionally CE is among the 
20 NTDs recognised by WHO for control and elimina-
tion and receives very little attention (including funding) 
compared to other NTDs controlled through chemother-
apy such as soil-transmitted helminths, schistosomiasis, 
lymphatic filariasis and Trachoma [49].

To our surprise, we did not identify E. granulosus from 
taeniid eggs isolated from our study, since hydatid cysts 
were isolated from cattle and goats from the same region 
and this has been due the low number of dogs screened 
as the prevalence in dogs is usually low [26]. Improved 
results can also be achieved by freezing of faecal samples 
instead of preserving them in 70% ethanol which inhib-
its PCR or use of more sensitive methods such real-time 
PCR.

We associate the lack of research in zoonotic cestodes 
of dogs such as E. granulosus and other zoonotic para-
sites recorded in our study with the high cost of diagnosis 
by both molecular and immunological techniques [50]. 
Identification of Taeniidae species in dogs with emphasis 
on E. granulosus complex is of epidemiologic relevance 
in order to develop control measures using a One Health 
approach with collaborative efforts between human, 
animal and environmental health sectors to address the 
complex interaction of this parasitic infection essentially 
aimed to develop massive deworming of dogs, limiting 
the contamination of water and food sources by infected 
dog feces, as well the meat inspection in slaughterhouses 
and ultra sound-surveillance [13, 16].

For the isolation of adult Echinococcus spp from dogs, 
administration of purgatives has been reported to yield 
better results, however, this technique is laborious, with 
ethical concerns involved and risky to the handler requir-
ing biosafety precautions [51, 52]. On the other hand, it is 
possible that dogs from our study were free from E. gran-
ulosus and that transmission cycles are being maintained 
by wild canids since there were reports of circulation of 
wild canids in the study communities.

Helminths of zoonotic potential, Ancylostoma spp. 
with a high prevalence rate (50.8%) followed by Dipy-
lidium caninum (8.4%), Trichuris spp. (5.4%), Toxocara 
sp (4%), and protozoans Giardia spp (2.2%), Cryptospo-
ridium (1.7%) and Sarcocystis spp (0.4%) were identified 
in our study. Similar results were reported from the pre-
vious study conducted by Miambo et al. (2019) [24] in 

southern district of Mozambique and in a study done in 
Gauteng province, South Africa [53]. The protozoan G. 
intestinalis and Cryptosporidium spp. which are of zoo-
notic potential and opportunistic in HIV patients, have 
been reported in Mozambique by [54, 55] from Maputo 
province and in HIV patients and in HIV-negative chil-
dren all over the country [56–58] and molecular analysis 
of both parasites indicated that zoonotic and anthropic 
transmission cycles are important pathways of diarrhoea 
in Mozambique [59, 60] however, the role of domestic 
dogs in the transmission of this parasites is unknown due 
to lack of molecular studies in order to identify the para-
site genotypes.

Limitation of study
Our study had some limitations that deserve to be high-
lighted. We only used one fecal sample, and it is possible 
that the frequency reported could be underestimated due 
to the intermittent shedding of eggs, also, the low sample 
size and low sensitivity of microscopic technique may 
have contributed to misdiagnosis of Echinococcus.

Conclusion
Knowledge of cystic echinococcosis in districts of south-
ern Mozambique is low, hence, implementing awareness 
campaigns in the local communities is recommended 
through a One Health approach, considering control 
strategies which are already being implemented for the 
prevention and control of rabies.

Training communities to improve hygiene practices 
such as treatment of drinking water, and washing hands 
and vegetables before eating may reduce the risk of 
human infections. Home slaughter of livestock and feed-
ing of dogs with infected offals is a common practice in 
the study communities and we recommend the provision 
of certified abattoirs and trained meat inspectors and 
collaboration of health and veterinary authorities in the 
dissemination of preventive measures for cystic echino-
coccosis and other zoonotic parasites transmitted from 
dogs.

Since there have been reports of Echinococcus infec-
tions in livestock from the same study area, where wild 
canids are common, there is a need for future epidemio-
logical studies to investigate the potential source of infec-
tions for both wild and domestic animals using a large 
sample size of taeniid egg isolates, taking in account all 
the protocols for isolation and conservation of the para-
site to avoid PCR inhibitors.
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