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Ahs1rae1-1'vl,\CPHERSO:-< C. N. L. and Mc \IA:-CliS D. P. 1932). A comparative s1udy of Echinococcus 
gra1111los11s fro m hum:in and animal hosts in Kenya using isoelectric: focusing and isocnzyme analysis. 
lnremarionul Journal for Parasirology ! :?.: 515-521. The soluble enzyme extracts from protoscoleces 
obtained from hydatid cysts of human, camel, caule, sheep and goat origin were compared on 1he basis 
of their isocnzyme p:ittcrns for GPI and PGM using isoe!ectric focusing . Consistent GP! and PGM 
iso~nzymc patterns were o btained for larvae of human, camel and sheep material. Cattle material varied 
occ :isionally in having an additional ca1hodic band in some of the G P! pa1terns. Two distinct isoenzyme 
patterns were c!viden1 in the goat materiai for both enzymes . The more common go at patterns were 
similar 10 those of human, cattle and sheep (Kenya, U.K. and Argentina) mat~rial, which were similar rn 
each ot her. The rare g.o.-i1 patterns were similar tO those obtained for camel material. Cyst location in the 
variou~ intermediarc hosts had no effec1 on the zymograms obtained. Add itionally, no alteration in the 
major banding patterns was observed between 1hc larvae and homologous adults prndu.:ed by experimcn-
1al infecti ons. Of 26 n:i1mally infected dogs, 19 produced adult GPI zymograms resembling human/ 
sheep/ goat (common form) experimental infection patterns . three were sim ilar to experimental cattle 
infections :ir?d four h:id camd/ goa1 (rare fo rm) p:?tterns. 

INDE:'\ 1-.:EY WORDS: Eclri11ococc11s gra111ilos11s; hyd:itid cysts; pro1oscolex; human; camel; cal\k; 
goat: sheep; Tud .. an:?: l\lasailand; isoekctric focusing; s1rain differentiation; Kenya . 
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THER E ts inc1 C<!>i ng c1•iclencc from ,·arious a reas of 

I 
the wor ld tlia1 biologically distinct in1raspecific 
variants o r s1rains or £clt i11ococc11s gra1111/os11s exist 

I 
in d!rfere111 1·cncbr<11e hosb (Smyth, 19i7, 1979; 
The ·)son. 197'.I: World Health Organismion. 1980). 

. The _..:ogni1io11 llr intraspcc: ific vari;.i1lt s \\'a; ba~ed 

l
f prim:.rily un mo rphological cri1eria , but 1his has ; ub

seque111ly been qucs1io11ctl (Rausch . 1967). Howc,·er. 
recent in 1·i1ro cultur.:, biochemical and electro
phoretic stutli.:s have pro\'ided further support for 

'1 the existence or s1rains or £ . gra1111/osus (Smyrh & 
\ Da1·ies, 1974: Le Riche & Sewell , l 978a; i\ lcManus 
I & Smyth, 1978, 1979: Kumarati lake, Thompson & 

I 
Dun smore , 1979 ; i'vh:Manus, 198 1) and thr::re is cir
cunmantial cvidenc<.: to sug!!c~t tha t these 111a1· ,·ar,· 
in th·-· infcc1ivitv 10 their cfer-initi\ c and intern{ediat~ 
host! .nclutling. man (Nelson, 1972; Thom pson &: 

j Srny1n. 1976). 
! Speciation in £. l!,ra1111/os11s has been most exten-
1 s~ve)y studied in the, Uni ted f..:i ngdom where subsian
. llal evidence ha~ been accumula1ecl 10 indic<!te tha t 
j there are distinct horse and sheep strains of the 
J Parasite (Smyth, 1979). However, relatively little i; 
J known co11ccrni11g the biological characteristic; or 
i 

hydatid material from other intermediate hosts, such 
as camels, cattle, goats and the numerous wild herbi
vores from which hydatid cysts have been reported. 
One country in wh ich strain characterisat ion of £ . 
gra1111/os11s can be examined in a number of inter
mediate hosts is Kenya. Recent preliminary studies 
(i\k :'vlanu~ & Macpherson , Parasitology 81: xxxi
xxxiii, 1981; ivlcM anus, 1981 ) suggest the existence of 
an unusually comph:x strain picture there. In i\•lasai
Jand (southern 1'enya), hydatid cysts h;:ise been 
reported in numerous wild herbivores and are 
common in cattle, sheep and goats , but the incidence 
of the disease in the human pnpulation is only 
approximately 2·0 per 100,000 per annum (Eugs1er, 
unpub lished DVi\1 thesis, Uni"ersity of Zurich, 
1978). In contrast, the disease has<! surprisingly low 
prevalence in cattle, sheep and goats in Turkana 
(Macpherson, unpublished P hD thesis, University of 
London J 98 1) and has not been foun,d in wild herbi
\'Ores in this region (Macpherson, Karstad , Stevenson 
& Arundel, in press). Paradoxically, the incid<!nce of 
hydatid disease in the Turkana lribesmen (numbering 
some 169,000 individuab, 1969 census) is extremely 
high and on average, IO operalions for the removal 
of hytlatid cysts from Turkanu patients are per-

uuuo # ~· 

.~ 
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PG~I and the de1cr.~1 i n:11io~ of isoclec1 ril: poim; (pl) w 
performed. as d~scn oc.d by 1,fc~·l~nus & Smyth (1979) 1 
" ll h the .10!1ow1ng mino r mod1 f!ca1 ions. Beaded sarn 
[15 .u_I ot sup<:rnatant , contain ing a pproximately 256 
protem (Lowry, Rosebrough, Farr & Randall, 1951)) 
ll~awed on

1 
suppl.ied (5 x 10 m m) filter paper applic;~i 

pieces anc applied to the gel. These applicators . 
removed 45 min after commencing the i\ofo..:using ru'\ ' 
o;·der 10 P iCVC!ll the tailing o r absorbed proteins. Then 
porii~ ns were stai~cd in the dark at room 1empcra1ure; 
4? m1;1, a l ter which time the l ymogram; were exarnin 
nsually aud the results were photographed. 

formed every month by surgeons of the African 
Medical and Research Foundation (AM REF) and the 
African Inland M ission (Al\i) (African Mt:dical and 
Research Foundation, 1981). 

In the current study, the results of zymogram 
pallerns for two enzymes, glucosephosphate 
isomerase (Gfl) ... <_1nd phosphoglucomutase (PGM), 
following the. isoelectric focusing (IEF) of solc;ble 
enzyme extracts of E. granulosLs from a number of 
different imermediate hosts, are presented. This 
technique has previously proved to be successful in 
helping to differentiate the U. K. horse and sheep 
strains of the parasite (McManus & Smyth, 1979). 
The techn ique has also been used here to examine the 
possible occurrence 0f isoenzyme changes between 
larvae of E. granulosus from various hosts and the 
experimentally produced homologous adu!ts. In 
addition, the experimencal adult isoenzyme patterns 
are compared with those from some natural d og 
infections in Turk;:ma, in an attempt to identify the 
intermediate host source(s) of s uch infections. 

MATEnl .-\ LS AN D METHODS 

Hyda1id cysts from camels and goats were obtained at 
Lodwar abauoir (Turkana) . Material from Masailand was 
obtained from ca11le, sheep and goats from the Kenya Meat 
Commission (/\1 hi River) and Ongaw Rongai {Nairobi) 
abauoirs. Human hydatid maieri:il was obtained from 
surgical operations performed on Turkana, ;-.1asai and a 
Samburu patienl. Adult worms of £. gra11ulos11s were 
obtained from 26 naturally in fected dogs and a silvcr
bal:k.:d jackal examined al Lok ichokio (Turkana) and from 
numerous experimentally infected puppies and a jackal. 
The experimental carnivores were ead1 fed a gelatine 
capsule contain ing 0·2 ml packed pro1oscokccs and were 
sacrificed some 36-40 days post-in fec1ion. Proioscokces 
for IEf were freed from blood capsules U>ing the technique 
ckscribed by Mdvlanus & Smyth (1979). 111fec1cd carnivore 
i111 cs1incs were removed to warm Hanks' fk1la'lccd Sail 
Solution {HBSS), opened longitudinally and i11cuba1cd tll 
38°C for 30 min lO deiad1 the adult worms. Pro1oscolccc; 
or adults were rinsed several times in warm HUSS and 
finally LHKC in distilled \\ater. Parasite material was 1iic11 
tran>ferrcd 10 a <:!tilled I ml glass homogeni1.cr (.l encons) 
and hand homogcn iLcd 0 11 ice with a minimum of c i1 hc1 
distilled water or with a solution of freshly prepared 
enzyme stabilisers. The enzyme stabilisers consisted of 2 mM 
each of, dl-dith io 1hrei1ol (Clcland's reagent). c-amino-n
caproic acid, and ethylcnediamine1ctrace1a1c { EDTt\) made 
up in distilled water (Kilgour & Godfrey, 1973). /\Ii homo
genates were centrifuged al 2000 g fo r 5 min in a M.S.E. 
bench centrifuge operated in a coldroom a1 .J 0 C. The final 
supernatams were then beaded in to 1 S µI droplets in liquiJ 
nitrogen and stored in liquid n itrogen . Some of the supcr
na1an1s were used freshly with and "·irhout enzyme 
stabil isers whilst o thers were lyophilised and slOred at 
-20°C for comparison. Protoscolcces from individual 
hyda1id cyscs on ly were used for the preparat ion o f cad1 
enqme extract. A number o f extracts from each host 
species was thus pri:pared to ill\·estiga!e the possibility of 
polymorph ic variants and also to examine whc1ha the 
tissue location of a cys1 within a particular host had any 
effect on the isoenzyme pa11crn produced. All IEf, the 
s1:1in ing of ampholinc polyacrylamide gels for GP! and 

RESULTS 

During the course of this investigation, mater 
obtained from 23 h uman hydatid cysts, five can 
cysts, 22 cattle ~ysts, 40 sh~cp cym and 24 goat cy: 
were examined 1soenzymat1cally. The tissue d istrib 
tion of these cysts and the geographical origin o f ti 
h osts are presented in Table I . Additionally, phot 
graphs of the GP! and PGM zymograms produci 
by the larvae a nd also by adulc worms fron1 n ~i t ural 
a nd experimentally infected dogs and jackals a 
shown in F igs. 1-5. T he pl values fo r the ma} 
staining bands of both enzymes for the differe 
larvae are presented in T ables 2 and 3. The p l va!u 
of mi nor, weaker stain ing isoenzymes have not bei 
included in order to facilitate comparison betwe1 

the d ifferent larvae from dilTereni hosts. T here we 
no qual itative differences in the GP! or PG! 
patterns of a ny one sample regardless of wheth· 
larvae wen: treated with or without enzy111 t· " :lbiliser 
lyoph il ised, stored in liquid nitrogen or t! .,c.: ;·;eshl 

T AUL!: 1-NU~IUER OF CYSTS EX.Ull:<ED ISUE:<ZYMAT!CA!.J 

Fl\D~I EAC-11 1:-<TEl\MEOIATE l!Os·1. "I l lE r1'>t.:E SITE OF EAC 

CYST ,\:-;[) TllE GEOGllAP l llC' CJRIC;J:< O F HIE HOST 

Nn. t.:y:\ t::-. Geographic. 
Host Tis>ue d istribution examined origin 

· --------
Human Hepatic 1.: Turkar.a 

Hepatic Samburu 
i\lcse111crk T· :~kana 

i\kscn tcric 2 .. !'1sai 
Spknic 2 I urkana 
RetropcrilOncal Turkana 
Rciroutcrinc Turkana 

Camel Splcnic 3 Turkana 
Pulmonary 2 Turkana 

Cattle Pulmonary ~I Masai 
Ctrdiac I Masai 

Sheep Hepatic )' _ J l\lasai 
Pulmonary 15 \llsai 
Spleni<.: · •:isai 

Goat Pu lmor.ary 10 .\ lasai 
Pu lmonary 1 Marsabit 
Pu lmonary 1 Turkana 
Hepatic i Masai 
Hepat ic I Turkana 
Spknic I Masai 
Splenic Turkana 
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f10. I Elcc1rophore1ic patterns obtained with soluble extr:icts of protoscolcces removed from hydatid cysts from, human 
(H), ' -net (C), cank (B). sheep (S) and goat (G) hom and stained for the enzyme GP!. The arrows indicate the extra 

cathodic band seen in some of the caule samples. 
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7 ~ di . 
F10. : . Elcctrophorctic pal t ern~ olnaincd with solul•k cx1 ract' t>f pro10>rnle1:c~ removed from hydatid cysts from human 

( 1-1), c;1n1cl (CJ. 1:a11le (U). ~hccp fS> and goal (G) hosts. and >ta incd for 1he enzyme: PG:-.t. 

However , additional secondary isoc11zymc\ (Harri' & 
Hopkinson, 1976) \\e re ubservccl in mntcrinl \\ hidt 
·had been sco red in liquid nitrogen and clta\, ed [\\O l>r 
more t imes. 

The isocnzy111c patt<.:rn~ produ..:cd frrnn cad1 
enzyme were not a rrccted by the tissue lo..:at iun of c he 
·cyst n the host. Moreover, no polynwrphic 
l'aria· .ons in cite isoenzyme profiles of GPI or PG\I 
. "ere observed in E. gra1111/os11s of human. camel. or 
:·sheep origin (J:igs. I a nd 2). In caulc matcri:il. 
1l~however , an additional, buc weaker staining catltodic 
}and (Fig. I, arrow. pl = 7·4) was e,· id~nc in 50111~ 
· (!even of 22 samples) of the GPI i so~nzyme prnfik; . 

I:: 

;1hhough chc PGivl patterns were always identical. 
Two distinct banding panerns were apparent in the 
goat material. for both GP I and PGl\I (Figs. I a nd 2). 
One or clt e~c pancrns (..:omrnon form , cype A) was 
c\·idcnt in 20 samples, while the other (rare form, 
cypc 13) was found in only four samples. Of che four 
type B ~amplcs, 1hrce originated in Turkana goats 
and one l"rom a l\ lasai goac. 

The majOi banding patterns obtained for £ . 
gm1111/o.ms or human, cank. sheep and goac (type A) 
origin were \·cry simila r fo r both GP! and PGl\I 
( 17igs. I and 2). A number of samples of lyophilised 
pro t oscolece.~ from U . K. sheep and a single sample 

ii 
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F10. 3. Electrophorctic pattern s obtained with soluble extracts of adult £ . granulosus obtained from experimental 
infec tions and stained for the enzyme G P I. H = dog infected with human protoscolcces , C =dog infected with ca 
protoscoleces, B = dog infected with Callie rro1o~coleccs, s =dog infected with sheep p ro1oscolcces, G =do;: i!~i·~::ed' 

goat (1 ype B) pro1oscolcccs. 
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5 
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7 

Fm. 4. Elcctrophoretic pat terns o btained wi1 h soluble extracts o f adult £. ~ramtlos11s o brnined from experimental d 
in fections and stained for the enzyme PG:'vl. II = dog infected with human pm1 oscolccc~ . C = c!~g in fected with can 
protoscolccc~ . 0 =dog in fe.:1cd wi1h ca11k pro1o~colcccs. S = dog in fec ted with ~hccp protoswk.:c,, G = dog infected wi 

go:u (1ypc B) prottrn:olccc.,. 
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Fm. 5. Elcct ro phorctic panerns ob tained with soluble extracts of adult£. gran11/os11s ob1ai11ed from 15 naturally infecte 
do~s examined a round Lokichokio, and from an cxperimenial dog and sil"er-backed jackal fed human material, :ri 
stamed for the enzyme GPI. DH = naturally infecccd dogs with human. sheep or goat (t ype 1\) pa11crn; DB == natur 
infected dogs with ~a11lc type pa11crn , ex1ra cathodic band is arrowed; ED = experimental dug infected wi1h humm 

maicrial ; EJ = experimental jackal in fected wi1h human ma1eria l. 
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Hu man Cattle Sheep Goat (type A) Goat (type B) Camel 

5·7 5·7 5-8 5·9 5·6 5-6 
5·9 ;.s 5-9 6·0 5-8 6· I 
6·0 6·0 6·1 6·3 6·0 6·2 
6·2 6·1 6·3 6·4 6·3 6·3 
6·3 6·3 6·5 6·5 6·4 6·4 
6·5 6·5 6·7 6·7 6·4 6.5 
6·6 6·6 6·8 6·8 6·7 
6·7 6·8 6·9 6·9 
6·8 6·9 
6·9 7.4• 

•seen in seven out o f 22 samples. 

TABLE 3-pl VALUES FOR THE ~1AJOR ISOEl"ZY~IES DETECTABLE I~ f tG. 2 
STAl:-IED FOR THE ENZn!E PGM 

Human Cattle .~be~ Goat (type A) Goat (type B; Camel 

5· I 5-0 4-8 
5·3 5·2 5·0 
5·4 5·4 5· I 
H 5·5 5·4 
5-9 5·7 5·5 
6·1 5-9 5·8 
6·3 6·0 5·9 
7·1 6·1 6· I 

6·3 6·2 
7· I 7· I 

from .1n Argentinian sheep produced GPI and PGM 
pauerns which were identical to those obtained from 
Kenyan sheep. 

The banding pallerns for bo1h GPI and PGM 
from camel and goat (lype 8) material were 'cry 
similar (rigs. I and 2). In contrast, these patterns 
were substanlially different from those obtained 
from the human, cattle, sheep and goat (type A) 
material (Figs. I and 2). With GP!, the major 
differrnce between £. gra1111/os11s or camel or goat 
(type · .. ) origin and the other hos1s was the absenee of 

·. the t1 ..... lower cathod ic bands, at pl 6·S and 6·9. With 
PGM, the differences were much more pronounced. 

The isoenzyme patterns for GP! and PG!'vl from 
experimental adult worms of£. gra1111/os11s were very 
similar to those produced by the larval material used 
to infect the puppies (Figs. 1-4). The only differences 
between the adult and larval panerns for each par
ticular intermediate host was the extra cathodic 
bands in the adult GPI patterns. No additional 
cathodic bands were evident in the PGM isoenzyme 
Profil for the adult worms. 
. Tht ,arval isoenzyme pattern differences which 
occur between the camel or go;it (type BJ forms and 
the other intermediate host forms were also renected 
in the corresponding adult worm pallerns. 

The GP! and PGM isoenzyme patterns of adults 
Produced from an experimentally infected sil\'er

! backed jackal, using human hydatid material, were 
! '• 

i" ~~-

4·9 5·0 4·9 
5· I 5·2 5·0 
5·4 5·5 5·3 
5·5 H 5·4 
5·6 6· I 5-6 
5-8 6·3 5·7 
6·1 6·4 6·1 
6·3 6·7 6·4 
7· I 6·8 6·8 

idemical to those of adults obtained from similarly 
infected puppies (Fig. 5). 

Interesti ngly, the GPI isoenzyme patterns for E. 
gra111ilos11s adults from 19 out of 26 naturally 
infected dog samples and one silver-backed jackal 
sample examined from Lokichokio were very similar 
to those produced for adults from the experimental 
human and sheep infections. Three out of the 26 
patterns were very similar to the experimental cattk 
in feet ion and four naturally infected dog patterns 
had a camc!/ go::11 (type 13) pattern (Fig. 5). 

DISCUSSIOi\ 

Jn a recent electrophoretic study, Le Riche & 
Sewell (1978a) showed that the GP I isoenzymc 
profiles for£. granulosus of U.K. sheep and cattle 
origin were very similar, but that 1hese patterns were 
different from those produced by extracts of the 
parasite obrnined from two infected Nigerian camels. 
The findings presented here, using the more sensiti\'e 
method of IEF, support their observat ions, although 
some of the cattle samples from Kenya differed from 
the human and sheep material in having one extra 
cathodic band in the GP! isoenzyme pattern. 

One of us (McManus, J 981), using biochemical 
criteria, suggested that the human and sheep forms 
of £. gra11ulos11s from Kenya have a very close 
affinity, but that the cattle, goat and camel forms are 



520 C. N. L. 1'viA<:!'llERSo:-1 and D. P. Mc-1'1,,Nus 
l.J. l' . \'<1! 12. 1982 

larval GP! and PGM isoenzymc patk i 1h ,)f a 
par ticular strain of£. granulosus arc not influcncn~ 
by the specics of intermcdiatc host invade~ 
Similarly, the adult isoenzyme patterns appear to b · 
unaffected by the species of definitive host as exem~ 
plified by the identical patterns obtained for GP! and 
PGM from the jackal a nd dog experimental infe _ 
lions. It would, however-, be e.~pcdicnt to exami~ 
whether this consistency o f isocnzyme patternc 

distinct, both fro m each other and from the hum:in 
and sheep types. Again, the prcs..:nt investigation 
largely corroborates that particular study, but indi
cates that the strain picture in Keny<! may be even 
more complex than was previously suggested. The 
uniformly consistent and identical GP! and PGM 
isoenzyme pacterns obtained for E. granitlos11s of 
human and sheep orig!n suggest that these forms may 
represent a single, homogen.::ous (monomorphic) 
strain in Kenya . In contrast, the camd form appears 
to be a different monomorphic strain . The situation 
is not as clear-cut in cattle material due to the incon
sistent GP! patterns obtained. Furthermore, the two 
distinct isocnzyme profiles for both GP! and PGM 
indicate that £_ ~rap11losus of goat origin exist~ in 
Kenya as two variants, one of which appears to be 
very similar to the human/sheep and possibly cattle 
strain, while the other is similar to the camel str«in. 

There is evidence from biochemical work that the 
sheep forms of E. gran11/os11s from the U.K., Kenya 
and South Amc::·ica may represent geographically 
distinct variants which have been termed 'sub
strains' (McManus & Smyth, 1978; 1\-lcivlanus, 1981 ). 
It is somewhat surprising, therefore, that the GP! 
and PGM iso:::nzyme profiles for E. granulosus o f 
sheep origin from these three areas arc so similar. 
This highlights the importance of using several 
different criteria, including ecological, immuno
logical, morphological, biochemical, isoenzymatic 
and in vitro developmental smdies when attempting 
to fully characterise a particular strain or £. 
gra1111/osus in any geographical locality and from a 
particular intermediate (or defin itive) hos1. 

An interesting and important aspect of the current 
study is that the major GP! and PGM isoenzyme 
patterns exhibited by larvae from all the intermediate 
hosts investigated are reflected in the homologous 
adult patt.::rns produced by expaimenta! infection. A 
similar observation has been reported for several 
enzymes, including GP!, from lar"ac and adulls or a 
number or other Taenia spp. (Le Riche & Sewell, 
1978b). It appears, therefore. that the major enzyme 
patterns or E. ~ra1111/os11s and other tacniids arc not 
influenced by the larval to adult transition or by the 
change of host environments. In contrast. the extra 
minor cathodic ban els evident in the Gr I isoc11zyn1c 
profiles for the adults of £. gra1111/os11s may 
rep•csent new isoenzymcs synthesised as an adaption 
to the differing physiological conditions in the 
intestine of the definitive host , or, they may be hos t 
enzymes absorbed omo the.: surface of the worms. 

Kumaratilake et al. (1979) found no differences 
between the soluble protein profiks . after IEF, of E. 
granulosus from sheep and £ . granu!osus of sheep 
origin which had been serially ·passaged t:irough 
several generations of mice. Similarly, we have fou1;d 
no differences in the GP! and PGM isocnzyrnc 
profiles of E. gran11los11s from horses and E. 
granulosus of horse origin which had been passaged 
throug~1 gerbils (McManus & lvlacpherson, unpub
lished observations). Thus it appears likely that the 

. I ' d ' 5 
?c~ur~ . wu 1 ot'..er ~nzymes an aiso in cross 
ml cct1v1ty studies mvolvmg other ;p:!cies of 
definirive and intermediate hosts. 

or epidemiological significance is the fact that£ 
granulosus adults from 19 out of 26 natural!;· 
infected dogs examined in Lokichokio, gave a similar 
GP! isocnzyme panern to that or worms from dogs 
experimentally infected with human and sheep 
hydatid material. It is likely, there~ore, that these 
naturally infected dogs became parasilised throu2h 
ingesting hydatid cyst material from one or ei ther ~f 
these host species. Additionally, allhou\! '.i ···.':H (type 
A) material was not experimentally red ,,, .. .:igs, it is 
possible that similar GPI and PG,\i 1~uenzymc 
patterns to the experimental human/ dog and 
sheep/dog forms would have been obtained. 
Therefore, the naturally ini'ected dogs with the 
human/sheep isoenzyme pattern could also have 
ingested hydatid material from goats with the type A 
pattern. Only three of the 26 naturally infected dogs 
had experimt!ntal cattle/dog GP I isoenzyme pauerns 
and four naturally in fee t eel clogs had camel or goat 
(type B) G P I isocnzymc pauern,. r:-: :· · • results 
suggest that the majority of dogs nm 1:: .:: ;. infec ted 
with E. gra1111/os11s in Lokichokio obrnined their 
infections by ingesting hydatid material of human, 
shec:p or goat origin. 

The prt:scnt study using the two enzymes GP! and 
PGM has pro\·cd to be useful in helping to identify 
hydatid material obtained from numerous inter
mediate and definitive hosts from Kenya, but further 
strain diffcren1iati11g tcchniqucs arc nnw required to 
support these observations. The c·ridi:· ·:;o!ogical 
impl!cations of this isocnzymc study , .. " ' :iscusscd 
in more detail in subsequent ruhlii.:at i, ·:., _,,;icerning 
the prevalence anti infei.:tivity or hydatici disease in 
humans and their domestic animals from Kenya. 
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