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ABSTRACT

Background: Cystic echinococcosis (CE) or hydatid disease is a neglected, economically 
important zoonotic disease endemic in pastoralist communities, in particular the 
Turkana community of Kenya. It is caused by the larval stage of the highly diverse 
species complex of Echinococcus granulosus sensu lato (s.l). The situation on the genetic 
diversity in humans in Kenya is not well established.
Objective: To characterise Echinococcus granulosus (s.l) species/strains isolated from 
humans undergoing surgery in Turkana, Kenya. 
Design: A Cross sectional study.
Setting: The Kakuma Mission Hospital and Centre for Microbiology Research, Kenya 
Medical Research Institute
Subjects: Eighty (80) parasite samples from 26 subjects were analysed by Polymerase 
chain reaction – Restriction fragment length polymorphism (PCR-RFLP) targeting the 
nad 1 gene for molecular characterization 
Results: Two different genotypes of E. granulosus were identified from the samples 
analysed: E. granulosus sensu stricto (G1-G3) 85% of the samples analysed and E. 
canadensis G6/7 (15%). Most of the hydatid cysts (35%) were isolated from the liver. 
Other sites where cysts were isolated from include: kidney, abdomen, omentum, 
retroperitonium and the submandibular. Majority of cysts presented as CE1 (50%) 
and CE3B (42%) images according to WHO ultrasound classification. Both males and 
females were infected with E. granulosus s.s but only the females showed infection 
with E. canadensis G6/7. Chi-square test revealed significant difference between 
age of individuals and cysts classification by ultrasound. In addition, there was an 
association between cyst presentation (single or multiple) and genotype whereby all 
the E. canadensis G6/7 cases presented as single cysts in the infected persons. 
Conclusion: This study corroborates previous reports that E. canadensis G6/7 strain is 
present in Turkana, a place where initially only E. granulosus s.s (G1-G3) was known 
to be present and that E. granulosis (G1-G3) remains the most widespread genotype 
infecting humans in the Turkana community.

 INTRODUCTION

Echinococcosis is a zoonotic parasitic infection caused 
by the larval stage  (metacestodes)  of Echinococcus 
spp (1). The four main species of medical importance 
are: E. granulosus, E. multilocularis, E. vogeli and 
E. oligarthrus and each species cause a different 
disease condition. For instance, infection with the 
dog tapeworm E. granulosus, presents unilocular 
cysts known as cystic echinococcosis (CE). Infection 

with the fox tapeworm, E. multilocularis, presents 
multivesicular cysts known as alveolar echinococcosis 
(AE), while E. vogeli and E. orligarthrus both present 
polycystic forms of echinococcosis (PE) in hosts (2,3,4). 
CE, caused by E. granulosus (s.l.) is the most serious 
helminthic zoonoses, and is considered an emerging 
neglected disease  throughout the world (5). Human 
CE is not only a substantial human health problem but 
also has a considerable economic effect on the livestock 
industries of some of the most socioeconomically 
fragile countries (5). At least ten genotypes of E. 
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granulosus are recognised.  E. granulosus is endemic 
in Northern Kenya in the Turkana area but very 
little is known about its epidemiology in the area, in 
particular the genotypes present. The present study 
examined molecular characteristics of E. granulosus 
s.l specimens isolated from humans in Turkana.

MATERIALS AND METHODS

Description of the Study area and population: Turkana 
County is a semi-arid region located approximately 
1000 km north-west of Nairobi, Kenya. The Turkana 
community comprise of Nilotic nomadic pastoralists 
keeping sheep, goats, cattle, camels and donkeys 
for their livelihood. Turkana County has one of the 
highest prevalence rates of cystic echinococcosis in 
the world (6). According to the office for coordination 
of humanitarian affairs, Kenya (November, 2012) 
Turkana is approximately 77,000 km2 with the greater 
Turkana district having a population of 787,659, 
and the main livelihood of the people in the area is 
nomadic pastoralism, which accounts for 60% of the 
population. Rates of 5–10% infection with CE have 
been recorded, the highest being in the more arid 
northwest and northeast parts of Turkana (7). CE in 
this region can be attributed to the domestic cycle 
due to low frequency of wild animals (8). The high 
incidence of CE in this area is favored by customs 
such as keeping dogs, intense contact between man 
and dog, low hygienic conditions, and home slaughter 
with no meat inspection (9).

Parasite Specimen:  Collection of hydatid cysts was done 
from patients operated after ultrasound scanning, at 
The Kakuma Mission Hospital, Turkana West district. 
These procedures involved use of PAIR (Puncture, 
aspiration, injection and re-aspiration) and general 
surgery. E. granulosus s.l cyst material/protoscolices 
were washed and preserved in 70% ethanol and 
transported to the Kenya Medical Research Institute 
(KEMRI)’s Centre for Microbiology Research in sterile 
Falcon tubes, and stored at room temperature waiting 
further processing and analysis. Single protoscolices, 
were visualised from a petri-dish using the lower 
power magnification (X10), and then picked with a 
1 µl pipette and transferred to 10 µl 0.02 N NaOH. 

DNA extraction and PCR Amplification: DNA was 
extracted from protoscolices or tissue pieces by lysing 
in 0.02 M NaOH at 95°C for ten min as previously 
described by Nakao et al., 2003 (10). The lysate was 
used directly as templates in a nested PCR targeting 
the NADH dehydrogenase subunit 1 (nad-1) gene as 
described by Hüttner et al., 2009 (11). The PCR was 
performed in a 25µl reaction mixture containing; PCR-
Buffer (conc. 10 mM Tris-HCl, pH 8.3; 50 mM KCl), 2 
mM MgCl2, 200 µM of each dNTP, 0.25 µM of each 
primer, 0.625 U Taq polymerase (Thermo Scientific), 

and 1 µl of protoscolex/ tissue lysate (or 1 µl of PCR 
product). The cycling conditions included 35 cycles of 
denaturation (94ºC for 30 s), annealing (55ºC for 30 s), 
and extension (72ºCfor one min). These amplification 
steps were sandwiched by an initial denaturation 
at 94ºC for 5 min and a final elongation at 72ºC for 
five min. The PCR products were visualised on 1.5% 
agarose gel stained with ethidium bromide.

Restriction fragment length polymorphism (RFLP) of Nad 
1 PCR products: The PCR product was then digested 
using the restriction enzyme Hph1 (Thermo Scientific) 
at 37ºC overnight as described by Hüttner et al., 2009 
(11) with slight modifications. Briefly 20 µl of the total 
master mix consisted of 10 µl of the PCR product, 
2 µl of Buffer B (supplied with enzyme), nuclease 
free water (7.5 µl) and 0.5 µl of enzyme HphI. The 
banding pattern was visualised under UV light on a 
3% ethidium bromide stained agarose gel. Species/
strains were determined by comparing the banding 
patterns with those of known genotypes (11). 

RESULTS

All samples yielded a PCR product with the Nad 
1 gene. The NAD 1 mtDNA –PCR yielded one 
amplification product of 1069-1075 bp. The PCR-RFLP 
patterns, produced after digestion of NAD 1 fragment 
with one restriction endonuclease Hph1, are usually 
different for G1 and G6 sequences. The RFLP patterns 
after digestion of the mtDNA-PCR amplicons by Hph1 
demonstrated three bands for G1 strain. 
 

DISCUSSION

E. granulosus s.s (G1-G3) and E. canadensis (G6/7) 
are currently the only E.granulosus strains infecting 
human in Turkana, Kenya (Table 3). The results of 
this study suggest that E. canadensis G6/7 might 
have low infectivity to humans as compared to strain 
G1-G3 (Figure 1). This has also been demonstrated 
in other studies (12, 13). A different study realised a 
9% infection of G6 (camel strain) in human isolates 
in Iran (14) and later studies have shown that the 
incidence has been rising since the first G6 infection 
was reported more than a decade ago. This is the 
third time the G6/7 strain is being reported in 
Kenya suggesting that this strain is now established 
as a human pathogen in the Turkana community. A 
previous study has  recorded 17% of E. canadensis G6 
infection in Turkana (15) few years after the reporting 
of the first single case (1/117 -prevalence <1%) of G6 
strain was reported in human in the same region(16). 
Other regions that have reported infections of G6 
genotype in human include South America, China, 
Asia and Africa (16,17,18,19,20,21,15). There has been 
a high prevalence of the E. canadensis G6 in camels 
in Turkana in the years back, (22) however at this 
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time there was no known human infection by G6 
in that region, since the first infection of human by 
G6 genotype in Turkana was reported in the year 
2004 (16). This finding initiated a shift from earlier 

perceptions that there is no evidence of human 
infections with the camel strain in the Turkana area. 
This study did not report any mixed infections with 
E. granulosus (G1-G3) and E. canadensis (G6/7) in the 
same individual.

Table 1
Cysts distribution by anatomic location/organ in the study participants 

Cyst location No. of Subjects (%) Male (%) Female (%)
Liver 9 (35) 3(11.5) 6 (23.1)
Omentum 6 (23) 2 (7.7) 4 (15.4)
Abdomen 4 (15) 1 (3.8) 3 (11.5)
Kidney 3 (11) 1 (3.8) 2 (7.7)
Abdomen+Liver 2 (8) 1 (3.8) 1(3.8)
Submandibular 1 (4) 0 (0.0) 1 (3.8)
Retroperitonium 1 (4) 0 (0.0) 1 (3.8)
Total 26 (100) 8 (31%) 18 (69%)

Females were infected two times more than males (2:1); two people had the CE cysts infect more than one 
organ. The Liver was the most infected organ followed by the omentum. There were cases of cysts crossing 
to infect other organs as realised in the abdomen/liver infections

Table 2
WHO US classification of CE Vs Age of individuals 

Class 9-22 yrs (%) 23-36 yrs (%) 37-50 yrs (%) Total (%)
CE1 7 (26.9) 5 (19.2) 1 (3.8) 13(50)
CE2A 1 (3.8) 0 (0) 1 (3.8) 2 (7.7)
CE3B 0 (0) 1 (3.8) 10 (38.5) 11(42.3)
Total 8 6 12 26 (100)

The CE classifications indicated that the half of the cysts were in active form. Majority of the younger patients 
presented with cysts within the CE1 classification whereas majority of the older patients presented cysts 
classified as CE3B. The presentation of cysts by US as CE1, CE2A and CE3B indicates that the cysts were 
either in the active form or in transition and none was in the inactive form

Table 3
Genotypes of E. granulosus s.l presenting in the Turkana community of Kenya

Genotype Male (%) Female (%)
E. granulosus s.s (G1-G3) 8 (30.7) 14 (53.8)
E. canadensis (G6/7) 0 (0.0) 4   (15.4)
Total 8 (30.7%) 18 (69.2%)

The female patients had a higher rate of infection at 69%; moreover all the E. canadensis (G6/7) strains were 
found infecting the female patients.

Table 4
Chi-square tests of association between age group and US classification among the Turkana

Age CE1 CE2A CE3B Total
9-22 7  (4) 1 (0.6) 0 (3.4) 8
23-36 5 (3) 0 (0.46) 1 (2.54) 6
37-50 1 (0) 1 (0.9) 10 (5.1) 12
Total 13 2 11 26

X24, 0.05 = 9.488	X2 	 = 17.53	 p-value 0.001
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Chi square test between age and Ultrasound classification at 95% CI showed significant difference between 
age groups and cysts Ultrasound classification. 

Table 5
Chi square tests of association between cyst type and genotype among the Turkana

Cyst E. granulosus G1-G3 E. canadensis G6/7 Total
Single 13 (16.15) 4 (0.85) 17
Multiple 63 (59.85) 0 (3.15) 63
Total 76 4 80

X21, 0.05 = 3.841		 X2 = 15.38	 p-value 0.0001

Chi-square test for association between cyst type and genotype at 95% CI showed association between 
genotype of infecting strain and mode of cyst presentation either as a single cyst or multiple cysts in the 
organs infected.

Figure 1
Echinococcus granulosus strains by infected organ among the Turkana community

E. granulosus s.l is a complex taxa, and the G1 genotype 
is generally considered to be the most widespread 
genotype worldwide, and is the one most commonly 
involved in CE in humans. However, recent molecular 
epidemiological studies have revealed that humans 
can be infected with other genotypes, and that the 
prevalence of infection with these genotypes is 
higher than previously thought. E. ortleppi (G5 cattle 
strain), E. granulosus (G2 Tasmanian sheep strain), 
and E. canadensis (G6 Camel strain) have been found 
to infect humans in Argentina (17) and Sudan(23). 
Recent study in South Africa has indicated human 
infection with E. ortleppi (G5 strain) and the G7 strain 
of E. canadensis (24). Epidemiological evidence from 
Great Britain suggests that E. equinus (G4) may not 
be infective to humans (25)
	 Due to lack of well-documented data from many 
countries, the global picture of the current situation 
is incomplete. E. canadensis G6 (Camel strain) mainly 
infects camels and in some areas, infects human, as in 
the present study, however, in Iran it remains restricted 
in camels (26). There is probability that some genetic 

mutations may have arisen in the G6 genotype to 
make it infectious to human in some regions. It may 
not yet be clear whether the G6 genotype infection 
in Kenya is as a result of mutation or not. The G1 
genotype infecting human in the People’s Republic 
of China has been reported as diverse (27) and 
separated into 13 sub-genotypes (G1m1 to G1M13) 
when identified using cox1, Nad 1 and atp6 (28). In 
determining the range of genetic variability within 
and between genotypes, amplification and partial 
cloning of cox1 and nad1 genes from 16 isolates of E. 
granulosus from four continents was done (29) then 
followed by sequencing of different clones from a 
PCR product to analyse the intra-individual genetic 
variance. The findings showed a moderate degree 
of variance within single isolates and a significant 
degree of variance between the cluster of genotypes. 
In a study of genetic typing of Echinococcus spp (30), 
it is proposed that the sympatric circulation of three 
E. granulosus strains (G1-G3) needs to be investigated 
to assess the possibility of crossbreeding. Moreover, 
the remarkably low value of pair-wise divergence 
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between G6 and G7 suggests that these two genotypes 
belong to a single species (31). The PCR-RFLP used 
solely in this study does not show distinction between 
G1-G3 or G6 and G7 strains, which would require 
sequencing for specification. 
	 According to WHO Ultrasound classification; 
(32), the cyst in this study classified as CE1, CE2A and 
CE3B, (Table 2). Half of the cysts were considered to 
be in active state (CE1 and CE2A) whereas the cysts 
that classified as CE3B show that they were in the 
transitional state. This study did not show any cysts 
that could be classified as inactive (CE4 and 5) 

In conclusion, we note that E. granulosus (G1-G3) 
remains the most wide spread genotype infecting 
human in the Turkana community. There is enough 
evidence that E. canadensis G6/7 is present in the 
same community however at a low rate. The female 
are infected more than the male. There is need to 
engage available control measures to reduce or 
eliminate infection rate of human CE and also help 
curb the emergence of E. canadensis G6/7 strain which 
is continuing to get established. 
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