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Abstract
Introduction  The aim of this study was to develop a synthesis of the evidence available regarding verified E. granulosus 
sensu lato (s.l.) genotypes in different species worldwide.
Material and Methods  A systematic review was performed including studies concerning genotypes of E. granulosus s.l. 
without language or genotyped method restriction, published between 1990 and 2020. A systematic search was carried out 
in Trip Database, BIREME, SciELO, LILACS, IBECS, PAHO-WHO, EMBASE, PubMed, Scopus, and WoS. Variables 
of interest were year of publication, country, number of samples, and hosts; genotypes, molecular marker, haplotypes and 
molecular biology techniques used. Descriptive statistics were applied.
Results  2411 articles were analyzed, however 135 met the selection criteria, representing 8643 liver and lung samples. 
Of the samples selected 24% were human, the remaining samples pertained to non-human animal hosts; cattle and sheep 
prevailed with 28.6% and 26.6% of the studied samples, respectively. The reported evidence is mainly from Iran, Turkey, 
Argentina, China and Chile; with 50, 11, 6, 6 and 5 studies, respectively, published between 1992 and 2020 [most frequently 
during 2015–2020 (76/135 studies; 56.3%)]. The mitochondrial gene cox1 was generally sequenced and informative (91.8%). 
Genotypes most frequently identified were E. granulosus sensu stricto (s.s.) (83.2%).
Conclusions  Based on this overall evidence, it can be concluded that publications related to genotypes of E. granulosus 
s.l. are heterogeneous. E. granulosus ss accounts for the vast majority of the global burden of E. granulosus s.l. worldwide. 
Further studies including larger number of cases and adequate internal validity are required to specify the distribution of 
genotypes in various host species.
Trial registration:  PROSPERO CRD42018099827.
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Introduction

Cystic echinococcosis, caused by the cestode Echinococcus 
granulosus sensu lato (s.l.) is characterized by cystic lesions, 
most commonly in the liver and lungs, which can be fatal 
if left untreated. It can be found worldwide, and the World 
Health Organization considers it as one of the 17 neglected 
tropical diseases [1, 2]. The disease is the cause of substan-
tial health and economic burdens, affecting especially low-
income populations [2].

In the last decades, diverse research groups around the 
world have studied E. granulosus s.l., used to be called 
strains. These, differ namely in protein profile includes, 
carbohydrate types, lipid repertoires, morphology of rostral 
hooks, metabolic characteristics, etc. [1, 3] Aspects observed 
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are related to variations between the different genotypes and 
cyst fertility, specificity of intermediate hosts, and antigenic-
ity. Furthermore, there is evidence suggesting that the iden-
tification of genotypes through sequencing mitochondrial 
DNA (mtDNA) of E. granulosus s.l., can be helpful to iden-
tify differences in virulence [3], host specificity, pathogenic-
ity, antigenicity, and transmission dynamics [4–6].

In the last decades, the development of the polymerase 
chain reaction (PCR) along with the Sanger sequencing 
process, allowed for the characterization of E. granulosus 
s.l. in diverse genotypes and development for a molecular 
classification sequencing mainly cox1 and nad1 genes in 
mtDNA. Until date, the genotype classification divided E. 
granulosus into E. granulosus sensu stricto (s.s.), E. equi-
nus, E. ortleppi, E. canadensis, and E. felidis [6–8]. Some 
evidence exists which support that G2 is a subgroup of G1 
(using cox1 sequences) or G3 (using nad1 sequences) [7], 
and there is controversy about the differentiation between 
G1 and G3 (using rrnS marker) in light of this issue, G1-G3 
genotype is considered as a single species, E. granulosus 
s.s. On the other hand, G9 was reclassified as a microvariant 
of G7 as the initial classification was improved using mito-
chondrial DNA fragments instead of restriction fragment 
length polymorphisms. To date, the results obtained from 
similar areas are concordant with G7 genotype only, and 
G6–G10 is known as a single group, partially because the 
genotypes proposed are not able to be replicated or classic 
markers used were not enough to differentiate them as dif-
ferent genotypes [8].

Furthermore, a different specie named E. felidis was dis-
covered in lions from Africa [9], and its confirmation as 
specie continue under scrutiny due to the low number of 
samples informed [10]. In 2016, a novel genotype (GOmo) 
related to E. granulosus s.s. was described in a 55-year-old 
male patient in South Omo, Ethiopia using whole mitochon-
drial sequences and nuclear genes elongation factor 1 alpha 
(ef1α) and ezrin-radixin-moesin (ERM)-like protein (elp) 
without exact E. granulosus or E. felidis classification [11].

Additionally, a different genetic classification remains 
questionable due to the low number of samples reported 
[10]. Globally, there are increasing numbers of reports of 
genotypes in diverse host species and isolates.

Furthermore, it should be noted that critical data with 
over 300 samples sequenced by Balbinotti’s (n = 638), 
Nungari’s (n = 389) and Khademvatan’s (n = 334) research 
groups, were reported [12–14]. The aim of this study was 
to develop a synthesis of the evidence available regarding 
verified E. granulosus s.l. genotypes in different species 
worldwide.

Material and Methods

This systematic review (SR) was written following the 
guidelines of the PRISMA statement [15] and AMSTAR 
2 (A Measurement Tool to Assess systematic Reviews) 
[16]; and registered as a protocol in PROSPERO (ID: 
CRD42018099827). Articles related to genotypes of E. 
granulosus s.l., in human or non-human animal hosts, 
without language or genotyped method restriction, pub-
lished between 1990 and 2020, were included. This study 
excludes cystic echinococcosis records with an ambiguous 
description of their genotype, studies contaminated with 
alveolar echinococcosis in which data were not ungrouped, 
as well as review articles and letters to the editor. Ten 
sources of information were consulted: Trip Database, 
BIREME-BVS, SciELO, LILACS, IBECS, PAHO-WHO, 
EMBASE, PubMed, Scopus, and WoS. In addition, a 
cross-reference search was performed manually.

The main search terms (MeSH and free terms) were: 
Echinococcus, “Echinococcus granulosus”, “Echinococ-
cus granulosus sensu lato”, echinococcosis, “hydatid 
cyst”, “hydatidosis”, genotype, strain, species, sequence, 
molecular marker and gene; with Boolean operators AND 
and OR, in the period 1990–2020. Search for articles was 
closed on September 31, 2020. Searches were adapted 
to each database and its corresponding language. For 
instance, the generic syntax for the PubMed database was 
as follow: (“Echinococcosis” OR “Echinococcus granu-
losus”) (“Genotype” OR “Haplotypes” OR “Molecular 
Epidemiology”).

Eligibility assessment was performed independently in 
an unblinded standardized manner by two groups of two 
reviewers each (CM-CR and ATS-NG). Disagreements 
between reviewers were resolved by consensus. Studies 
which accomplished the criteria above were included in a 
data extraction form in an Excel sheet by two investigators 
(CM, ATS), and the other three checked the extracted data 
(NG, AR and CR). Disagreements were resolved by consen-
sus between the two review authors.

The following information was extracted from each 
included study: (1) characteristics of studies participants 
(year of publication, country and region, number of samples, 
host and organ of origin of the samples, and type of primary 
study design); (2) type of intervention (molecular techniques 
used, gene, and number of base pairs used); (3) type of out-
come measure (genotype and haplotype identified).

Summary measures were descriptive statistics (percent-
ages and average calculation). The risk of potential missing 
studies was avoided applying cross reference search. Study 
design of each article was determined. Additionally, judg-
ments about overall risk of bias for each study was done 
using the AMSTAR checklist (www.​amstar.​ca), categorizing 

http://www.amstar.ca
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as low, moderate, high, or unknown risk of bias [16]. The 
documents identified in each information source were fil-
tered by duplication between bases. Subsequently, titles 
and abstracts were examined by applying selection crite-
ria. Finally, an in-depth analysis of each of the selected pri-
mary articles was carried out, applying reading guides. This 
allowed for better organization of information synthesis. 
Potential missing studies were obtained applying cross-ref-
erence. The articles included in this study agree the ethical 
guidelines for research in humans and animals.

In addition, sequences of the cox1 gene and complete 
mitochondrial genome sequences were searched from Gen-
Bank database (https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​artic​les/​
PMC47​02903) and literature as of April 2020 (include the 
isolates of this study). Nucleotide sequences were separated 
between short and full length. Phylogenetic trees were made 
using 500 bootstrap and the “neighbor-joining model”. The 
haplotype networks were performed using the PopArt soft-
ware (https://​besjo​urnals.​onlin​elibr​ary.​wiley.​com/​doi/​full/​
10.​1111/​2041-​210X.​12410).

Results

The systematic search within the information sources 
allowed 2411 records to be recovered. It was verified that 
291 articles were duplicated between different databases 
consulted. Analysis of titles and abstracts allowed deleting 
1567 records. In-depth analysis of the 553 selected studies; 
and the detailed reading of these, allowed exclusion of 437 
articles for not meeting inclusion and exclusion criteria. To 
the 116 selected studies, 19 obtained from cross-reference 
search were added, to obtain a final number of 135 studies 
corresponding to this SR [4, 5, 7, 12–14, 17–145] (Fig. 1).

General Characteristics of Studies Informing 
Genotypes

All studies finally selected for the SR were case series. 
They represent 8643 samples, being cattle (28.6%), sheep 
(26.6%) and human (24.0%) the majoritarian hosts (Table 1). 
The existing evidence mainly comes from Iran, Turkey, 
Argentina, China and Chile; with 50, 11, 6, 5 and 5 studies, 
respectively (Table 2), but there are samples representing 48 

Fig. 1   Flowchart of the participating studies (according to PRISMA statement [15])

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4702903
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4702903
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/2041-210X.12410
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/2041-210X.12410
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different countries. The time period with the greater num-
ber of articles related was the quinquennium 2015–2020 (76 
studies, 56.3%), and the first report of this group of articles 
was published in 1992 [4] (Table 3).

Information Related Directly with Genotypes

DNA sequences were obtained using Sanger sequencing in 
98 studies (72.5%), see Table 4. In most of the studies, the 

mitochondrial genes cox1 (91.8%) and nad1 (40.0%) were 
sequenced, simultaneous in some cases (Table 5).

Geographical distribution of the number of samples con-
sidered in this SR, can be verified in Fig. 2, highlighting 
Iran, Turkey, Argentina, Chile, Brazil and China.

On the other hand, genotypes most frequently identified 
were G1, complex G1–G3 and G6 (45.3%, 33.0%, and 5.7% 
of the studied samples, respectively) (see Table 6).

Additionally, 50 studies were identified where the haplo-
type analysis was carried out, this information is included 

Table 1   Echinococcus granulosus sensu lato hosts

*Donkey 16 samples; alpaca and reindeer 4 samples each; kangaroo 
and rabbit 3 samples each; moose, lemur, jackal, dingo, water buffalo, 
huemul, crested porcupine, zebra and cat, 2 samples each
**90 articles considered in this SR, studied more than one specie 
samples

Species No. samples % No. studies** %

Cattle 2472 28.6 62 45.9
Sheep 2296 26.6 74 54.8
Human 2073 24.0 77 57.0
Goat 588 6.8 41 30.4
Camel 531 6.1 27 20.0
Dog 141 1.6 19 14.1
Pig 138 1.6 20 14.8
Buffalo 111 1.3 10 7.4
Yak 110 1.3 3 2.2
Horse 46 0.5 5 3.7
Wild boar 44 0.5 4 3.0
Dromedary 23 0.3 3 2.2
Wild pika 22 0.2 1 0.7
Others* 48 0.6 17 12.6
Total 8643 100

Table 2   Country of origin of primary studies used in this systematic review

Finally, three studies report samples coming from different countries without differentiation in the sampling (Australia, China, Holland, India, 
Ireland, Italy, Jordan, Kenya, Lebanon, Poland, Somalia, Spain, Sudan, Tasmania, Turkey, UK, USA, and Uruguay)
*Pakistan and Spain (three studies each)¸ Algeria, Brazil, Egypt, Greece, India, Italy, Sudan, Russia, and Tunisia (two studies each); Australia, 
Azerbaijan, Bolivia, Bulgaria, Ethiopia, Finland, France, Iraq, Libya, Moldova, Mongolia, Oman, Poland, Romania, Saudi Arabia, Slovenia, Ser-
bia, Slovakia, and Tibet (one study each)

Countries No. studies %

Iran 50 37.0
Turkey 11 8.1
Argentina 6 4.4
China 5 3.7
Chile 5 3.7
Kenya 4 3.0
Mexico 4 3.0
Peru 4 3.0
Others* 46 34.1
Total 135 100

Table 3   Publication period of 
primary studies used in this 
systematic review

Period No. studies %

2020–2015 76 56.3
2014–2010 38 28.1
2009–2005 7 5.2
2004–2000 8 5.9
1999–1995 4 3.0
1994–1990 2 1.5
Total 135 100

Table 4   Molecular biology techniques utilized for sequencing, 
reported in the primary studies used in this systematic review

PCR polymerase chain reaction, SS Sanger sequencing, RFLP restric-
tion fragment length polymorphism, HRM high-resolution melting

Techniques No. studies %

PCR + SS 98 72.5
PCR + RFLP 17 12.6
PCR + RFLP + SS 16 11.9
PCR + RFLP + HRM + SS 4 3.0
Total 135 100
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in Table 7. In most of the studies found in the literature, 
various phylogenetic analyzes or haplotype networks have 
been carried out from the use of partial sequences of the 
cox1 and nad1 genes, and on some occasion’s complete 
mitochondrial genomes or lesser informative mitochondrial 
genes have been sequenced (interspaced regions, or nuclear 
gene sequences). A phylogenetic tree was carried out using 
the sequences obtained from GenBank. The results indicate 
that there was a concordance between the identified geno-
type in the articles and the proximity of the branches in the 
phylogenetic tree for the cox1 gene (E. granulosus s.s., E. 
equinus, E. ortleppi, E. canadensis; Fig. 3). The same infor-
mation was obtained by means of haplotype networks, find-
ing similar results in the grouping of the sequences, finding 
a great dispersion of the samples obtained for the American 
continent (Fig. 4).

In the haplotype networks, the results are grouped in a 
similar way to those as previously described in the literature, 
E. granulosus s.s. being more frequent worldwide with E. 
canadensis in second place in the American and European 
continents. E. granulosus s.s. are most common in Africa, 
while E. granulosus s.s. prevail highest in Asia, with low 
numbers of E. canadensis samples reported.

Risk of Bias

All studies are either case reports (n < 10 = 20 articles) or 
case series (n = 115 articles). Therefore, the overall risk of 

bias was: high n = 109 (80.1%), and moderate n = 26 (19.9%) 
[16]. Even though we requested additional information from 
several authors to expand and/or verify some study data, no 
replies were received; missing data may therefore contribute 
to bias in this review.

There may be a publication bias, given the scarcity of 
studies from certain geographic areas and countries, which 
could represent variants not verified in this review. This SR 
collects gathered and included genotypic evidence of cystic 
echinococcosis informed worldwide.

All potential hosts (humans, animals, intermediate and 
definitive) based on 135 articles as a primary source, with 
8643 samples sequenced mainly through analysis of mito-
chondrial cox1 and nad1 genes were considered. In some 
cases, nuclear genes have also been included. Additionally, 
collected data of haplotypes included, are reported and ana-
lyzed via different approaches such as haplotype networks 
and phylogenetic trees. Genotype classification is informed 
commonly in the literature using the “G-system”, which 
leads to a classification bias due to recent reconsideration 
about this classification and lack of replication for some 
genotypes proposed, and low sample size for the new geno-
types informed, and in some cases the molecular technique 
as qualitative techniques such as RFLP alone instead of 
Sanger sequencing.

Discussion

Globally, and over the past 20 years identification of E. 
granulosus s.l. genotypes have been increasing in various 
studies. However, there are 5 SRs in which results of E. 
granulosus s.l. genotyping is reported with a significant 
sample size. In one of these, the results of 1534 samples 
in humans and animals from South America are analyzed 
[3]. The second study from Southern Africa, included 
studies from only 2 databases, between December 2017 
and June 2019 (48 studies), and is oriented principally 
to the prevalence of the infection [8]. In the third study 
from Iran, the country with the most information gath-
ered, only 559 human samples were reported [146]. In 
another study carried out in Iran, results of 340 samples 
from human and animal hosts were included [147], most 
of the studies where genotyping including intermediate 
hosts such as cattle, sheep and pig livestock samples; noted 
for their great economic impact, and in lesser numbers, 

Table 5   Genetic marker 
sequenced reported in primary 
studies used in this systematic 
review

*Several studies used more than 
one gene for genotyping

Marker No. studies* %

cox1 123 91.8
nad1 54 40.0
ITS1 22 16.3
rrnS 13 9.6
atp6 5 3.7
ef1a 4 2.9
actII 3 2.2
rrnL 2 1.4
hbx2 1 0.7
nd2 1 0.7
nd4 1 0.7
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human samples have been genotyped as a means of preven-
tive community health epidemiological studies. And other, 
carried out only in human samples worldwide (n = 1511), 
obtained from primary studies from 1994 to 2019 [148].

To obtain larger numbers of DNA sequences, most stud-
ies have combined sequences of different intermediate 
hosts of the same area, including human beings.

During the last 10 years, there has been greater interest 
in the study of molecular epidemiology of E. granulosus s.l. 
in Iran, Turkey and China in Asia, as well as in Argentina 
and Chile, where research focused on highlighting the rel-
evance of this disease. Slightly more than 84% of the studies 
analyzed in this systematic review were published in the last 
decade, and it is quite possible that the number of analyzed 
samples, intermediate hosts, and published articles will con-
tinue to increase.

Regarding the molecular biology techniques used, in 
a first approximation in the 90s qualitative studies began 
by means of restriction analysis fragment length polymor-
phisms (RFLPs) of specific markers in mitochondria such 
as ITS1, which became controversial, since it is considered 
in certain cases, that results cannot be properly replicated. 
Therefore, samples were subsequently sequenced using the 
Sanger technique, which nowadays is a feasible option to 

Fig. 2   Geographical distribution of samples considered in this systematic review

Table 6   Isolated genotypes reported in primary studies used in this 
systematic review (n = 8643 samples)

*In several studies more than one genotype was identified
**This was the way it was reported in primary studies (using G-sys-
tem in the majority of studies)

Genotypes No. studies* No. sequences %

E. granulosus sensu 
stricto

187 7190 83.2

G1** 95 3921 45.3
G2** 12 48 0.6
G3** 42 369 4.3
G1-G3** 38 2852 33.0
E. equinus 8 76 0.9
E. ortleppi 15 430 5.0
E. canadensis 177 947 10.9
G6** 41 499 5.7
G7** 21 204 2.4
G6-G7** 11 214 2.5
G8** 1 1 0.01
G9** 1 17 0.2
G10** 1 5 0.06
G6-G10** 2 7 0.08
Total 8643 100
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study genotypes. At the present time, 72.1% of the stud-
ies found in the literature used Sanger sequencing, and in 
some cases this was combined with High-Resolution Melt-
ing (HRM) and multiplex PCR to have a pool of techniques 
that improve screening and specific genotypes identification.

In recent years, the number of genome sequences reported 
in the literature has increased and is expected to continue to 
do so due to the emergence of the second and third genera-
tion sequencing with improved performance and relatively 
low cost. As an example, is the identification of a 4.4 kb 
region in tandem obtained using PacBio Single Molecule 
Real-Time in a G1 sample obtaining a 4.4 kb tandem repeat 
region from a sheep [149], which could help to include in the 
future a new set of markers for a better genotyping classifica-
tion using of microsatellites as a viable method for genotyp-
ing E. granulosus s.s. [150, 151].

Additionally, it has been detected that there is an under 
representation of genotypes in South America [148], North 
America and Africa. Furthermore, there are wild species 
not commonly studied in the different continents such as 
wild-pika, alpaca, huemul, kangaroo and others. Pilot studies 
in natural reserves in Australia found a number of infected 
wildlife species [152].

E. granulosus s.s. and E. canadensis show a notable differ-
ence in the number and distribution of cases since studies show 
significant differences regarding the relevance of the informa-
tion available. Such data help to clarify the information in as 
far as the dynamic of the parasite in South America. Neverthe-
less, in North America there are still under reported registers 
of the disease [153]. According to the information obtained 
and analyzed in the various phylogenies and the haplotype 
network, it can be inferred that the occurrence is higher in the 
American continent. A single E. granulosus s.s. group exists 
in the genotype classification and the number of mutations 
between E. canadensis (G6/G7), are not significant to con-
sider a division between the two genotypes because there is a 
very limited gene flow between these genotypic groups [74, 
79]. Additionally, is has been established that the GOmo is 
based on the E. granulosus s.s. genotype, concluding that the 
various mutation changes depend on the adaptive structure of 
each genotype, local changes leading to a unique population 
structure as the one presented in this manuscript.

The evidence obtained is sufficiently robust to determine 
that E. granulosus s.s., are responsible for a great part of cystic 
echinococcosis worldwide, followed by E. canadensis. There 
is scarce evidence of infection by E. equinus, GOmo and E. 
felidis and there is low information of human samples with E. 
ortleppi (in this systematic review, it was reported in 15 of 135 
studies, representing only the 5% of studied samples).

In this analysis, it was found that Iran has the largest num-
ber of publications and sequenced samples. This does not 
necessarily render that particular area more endemic than 
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other locations. Undoubtedly, this situation is underreported 
in other latitudes [148, 154].

Limitations of the Study

Regarding the limitations of this study, we can point out 
that primary studies are heterogeneous (using different meth-
odologies) and are of low methodological quality (risk of 
bias high or moderate), since these are isolated case reports 
and case series (12 are unique case reports, 70 case series 
between 2 and 50 samples, 45 series between 51 and 200 
cases, and only 8 series over 200 cases).

Additionally, data collection was hindered by the fact 
that authors of many of the publications reviewed, began 
their work with a determinate number of samples. These 
figures, however, did not coincide with the final number 
of sequenced samples; in some cases, the difference was 
significant, and the number of genotyped samples varied 
substantially.

On the other hand, concerning Sanger sequencing of 
mitochondrial genes, there is evidence which supports that 
the use of the short cox1 fragments [4]; and even the use of 

the short nad1 sequence [155] may not clearly discriminate 
a genotype of E. granulosus s.s. [74], and of E. canadensis 
[78]. Thus, the use of the genotypes reported by the authors 
should at least be discussed as it can lead to wrong genotype 
identification.

Finally, it is possible that there may be a reporting and 
publication biases, because there is a lot of unpublished 
experience, some studies published in poor visible journals, 
and studies that are not captured by search strategies.

Conclusions

These findings improve our understanding of the genetic 
diversity of E. granulosus s.l. Nonetheless, further in-depth 
studies are needed to better knowledge and understanding 
of the morpho-quantitative characterization of the genomic 
profile in the various hosts. This may be achieved through 
the application of the sequencing of whole genomes and 
transcriptomes, using second and third generation sequenc-
ing techniques for a better classification of genotypes and 
to identify new diagnostic candidates. In turn, these data 

Fig. 3   A phylogenetic tree of E. 
granulosus s.l. based on cox1 
mitochondrial DNA sequences
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may help to identify potential targets to develop vaccines 
or treatments. These may also aid in the development and 
standardization of molecular biology techniques for the 
identification of regions in the genome, or proteins for the 
selective and sensitive diagnosis of cystic echinococcosis 
infection. Finally, since E. granulosus s.s. are most prevalent 
in humans, cystic echinococcosis control initiatives should 
be directly aimed at the definitive host of this cycle (dogs 
other canines) and their intermediate hosts (cattle, sheep and 
goat).
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