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1. I N T U 0 DUO T ION 

:;.n'll?ny '".:,rt8 of the "or1eL, l!'rom the st;:;ndpoint of 'Gheir 

'r'rep lence, 8. l:rge number of rej)orts(lrovide j.nformc,tion 

OIL tile oV8:C·.:'.1.1 prevf,l:mce of intf)stinr.l h81minthfJ in the 

in -ti3cbniques of inv8st;ig::"tion... Experts in their assessment 

0:1:' g80grf~phic distribution oJ intestinal p,:·ri.1.sitiBm indic2te 

:10 uniform di8t:ci bution; some indice.t() a docline in cert,~.in 

':!'·,J.minthic inf8ctions, 0'0 jer8 report a st"tic si'i;u,xi;ion 2nd. 

g~i1]. others show increpses of intestinel psrasitism in 

HecGut investigD.tion~-1 in Al'ricG_ c,").rried out in Ug~~~nd,J 

(:~>d.,cndi, 1971), I(.'my,! (l(inoti, 197'1), Centre'.l Afric'n 

~1~:wblic (Ricci;:cdi, '1976), i~;].mbL, (Hire!, 1976) indici:te 

~yi0h prev8.1~:;nce r,:).tes of intestinDl helminths in g8n~r;: 1, 

not l']e11 documented.. The c'v;',il':'.ble reports nre basod on 

of ccrt"in 10c:,li tL;s and their result.'; can 

by no m8cmf; be considered 8.B rq)reseni;;,ti ve of the country. 

Ho,"ever, v;·Tious authors, among tJ.8ffi Lemma ?t 010 (1968 and 

1979), D1mc.m et ;l.J .• (1970), Kloos .at 21. 0 (1978) indicate 

£\ high p:C'Nci.lence of intfJ8tinc~1 p ... 'l.'osi tes in the countryo 
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vew';ors I'.'ill control the',rthropod"tr~;,nf3mi tted helminths ;)s 

1<.91 L ~10 wh.:·tever ext,nt ;:; community ficl1:c: short of hewing 

8tt,;in8d living st,mda:cds bDsed on th8se desir,'b1e conditions, 

at p;Jysi,cal vigour "nu he'11th. fJ1h118 the helminth:" "ro 

;,mpCJ'::-':;'''i:'~ to wb",tev(;r ex-Gent they detrilct from tho vigour of 

i_:he comilluni",:;y 0 

Tn recent years two hi"h1y i''lportent helminth' c elise·, 8es -

Tc m<>3' nOli be possible to control these diseases, at least 

i,n communities where they constitute major hoalth problems. 

;"o':'0ver, ill many of these areas, and in other areas covering 

a large popuL3:Gion of the VlOI'J.d, the most prevc>,lent and most 

importa.nt helminths are those of the soil~transmi tted, group 

(v:n:o, 1963). 
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:U'ronJ the s-(;uncipoint of their oV8r~·e.ll prevaloncQ ,"nd 

'i;he .s'JVericy of the diseil.ser; thc"y c~,uBe, the most importc'l1t 

eoj l·-'cI'.JnFJmittect h";J.minths ,'re: AscnriFJ lumbI'icoides 
-~~+-*-,-"", ~"-'--~-~~ 

]~:'.',~:[lE)US, 175£3; ;I'richY..:r::i§. trichiur<l. (:Linneeus, 1771) Stiles, 

"1 <;CYI ; J'!oe.'~to.r, llUleri().ontlG (StiloFJ, 190;~) Stiles, 1903; and 

,f~'l'::.Y";:'P.i?t0.1!~;'" .cllJ,oclenJ1.El. (Dubini, 184,3) Cr8plin, 1i34-3. An 

c~cJ.di G"corul species, less vlidnly c~istributed and less reotricted 

to "')i.l transmiFJsion, is B.tJ:.O-Ilgy1..oj.deJl. ll_1;ercoralj_El. (BDV2Y, 

4877) Stiles and Hasscll, 1902 (WHO, 1964-). 

;\.:'lC){'-,()B_t.0}I~~~ 2:,tJ~odel'l:,31£, often occur Bympatric2,11y over much of 

i;bs ',orlel, incluclil1g the InclL',n subcontinent, parts of South 

An'o:d,c2, th(o: :tj'e.r Edst ,mel. AJric:' (Hoagland and Schad, 1978). 

0,ur three dec'-.'des ilgO it \'las estim)ted by Stoll (194-7) thHt 

'~'5'7 Dri.llions h,'rbour8d hooke'form in G then global popUlation 

',f ;.>, 167 UlillionFJ. rehe Dni ted NationB eFJtimste for mid, ,1969 

:»"'C glob;:,l popuL;tion hns been put at 3,6':0 million and there 

:',f! no evic1,ence th,Jt the hoolworm incidence has decre8.sed in 

tb3 interv",l (Hsieh e1::. 81. ',971 ). Applying ,J similar ratio 

af.l S':~oll (191}7) in mid-1969 there ,'Iere 760 million people 

j nfected by hookl'JO:cm in the \!Orld. 

Hook\-Iormf! .-·.ffGct E!. l''1rge number of people in Ethiopia 

(b01vllor, 1971). HO\<Jever, only fe" studies have been made 

(VI ang, 1965; ~1cConnell [mel ArrniJtrong, '1976; Armstrong and Cheme, 

')975) c;.nd. these stud.ies are limited in scope. As in many 
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developing countri'"8, Ethiopio. GuffGrs fl'om iCl lovi st,md£:rd 

of living \'lhi0h providGs fertile grounds for transmi.clsion 

of hookerorms, \lhioh llI('.y be more comlllon tlvo.n the 2.v"i l.able 

ini'ormption could revecll. ~:he ilfiDrovemen'l:;s cf highVlay~'; illld 

rapid Bhifts of' popul.c,tion ccntribute to tho di.sseminaticn 

ci' the lx;rilsi tes to ne;l E.re2S. '.I'his leads to aggravaticn of 

the problGm in the country at lar[se. ilegi.on.,>l surveys can 

prcvide sufficient inform".ticn on the dint:dbution of theBe 

helminths cmd this mdY P''1VO the \'I8.y for cpprcpri2te interventhm 

measures needed f'cr prevention. 

In areas where thesG tvlO hook./Orm species cccur, they 

have cften been tre'lted as if th8y l,jero cne spocies, daspi te 

the \vell knOl.!ll principle that hlO species, if truly sympatric, 

0.&.nnot be ecolcgic"lly identical. Practic,d ccnsiderations, 

Le., the gre,;.t simi13rity 0:(' the stage used in dia.gnosiB 

(the egg) ,~·.nd the l[c,borio1.1sness of reD ring larvae ,o.nd 

distingushing betvleen them, h"ve encoura.ged lumping these 

pdrasitas together. Furthermore, except for the f(ct thdt 

A. dl,lodenale is considered the more virulent, the blo species 

arc generally thought to provoke the Sc\n18 pathological changes. 

This obvicusly ho G interfered \'Ii th treatment. Certil.in drugs 

(e.g., bephenium hydroxynaphthoclte) h,·we a selective action 

cn fl. sl:.u.od')~dl~ \;hile others (e. g., tetrachlcrethylene) seem 

to be effective aga.inst 1i. amGri~[;nus (ViHO, 1963). In view 

of this, combined tree,tment is employed. 



5 

If one properly ch8r3ctGrizes the hooblO:cm species in 

a given region, there is no reO.Bon as to I'Thy combin8d 

tre~l.tment shoulcl be administered. This ilill ensure the 

choice of drug .ond Vloulcl be economicaL 

Ethiopia is situated \'Tithin the tropics, but most of its 

people enjoy a temperate clim.}te. Faust a.nel Russell (1964-) 

and Belding (1965) indicde th,ct only N. americO-nus occurs in 

Ethiopia., whereas only fl. dU'2..denrcle is specifically mentioned 

in a few reports, among them, Kubasta (1964·), Molineaux (1967), 

Duncan et 13.1. (1970) as eman"ting from ~'/ithin the country. 

These reports 3.re, however, very narrow in scope. Al though 

inadequDte, the only piece of recent information tho.t deO-Is 

. with the identificc'.tion of hookworm species in EthiopiA is 

that of Arm8trong and Chan8 (1975). They revealed a great 

preponderance of g. ~icanu12. over A. dU<l..d.enal~ follovling 

administration of 8ingle doses of bephenium hydroxynaphthoate 

to 132 subj8cts in three localities. Houever,· species 

determincd;ion of the hook,Jorms involved in an infection by 

examination of worms recovered "fter treatment has various 

shortcomin[,;s, besides the fact th0.t more precise information 

in recent years h;;s shown most anthelminthics operate Hithout 

equal effectiveness against NeCD.tor 8nd AncY},2stoma. A post­

treatment worm count may not be a good indication of the 

\'Iorms present in a given infection. 
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One or the main problems in EthiopiJ, as in m08t 

cl'veloping n.J.-cions, is the combinetion of p"uci-ty or de.ta 

on such foctors as clim"te ,md moiDture with the Jo.ct that 

no aclequ,cte ''3nCllysis of dv"iL'.blc data hc:ve bGGn mD.de to give 

a picturG or the tempor"l and geogr,3phic81 v8ria-tions of 

-these fe.ctors. HowevGr, D,miel (1977) he\S chi'-racterizecl the 

country .olS enjoying clif:f8rGnt altitudin8.1 ranges - 8.1pine 

(over 3000m.), -temperc:te (2300-3000m.), subtropical(1500-

2300rn. ), tropic81 (800-1500rn.) and desert (less than 800m.). 

'l'his has an effect on the prevalence and distribution of 

helminths. 

ViJ.rious authors, among them, Deme.yer ~! a1. (1955), 

l-'yne g_~:d:.. (1956), Diusfeld (1969), Diesfeld (1970) have 

indiceted the effects of altitude on the distribution of the 

parasitGs elsewhere. , 
'l'he only information tb.,t de,1,.ls with the relationship 

betl'Jeen ,·'1 ti tude (-tomper.o,-t;urc) and the distribution of 

hoolevlOrm in Ethiop'b is that of McConnell and Armstrong(1976). 

According to them, hookworm infections were numerous between 

Debrn f'larkO:3 and Axum Dt altitudes betl'Jeen 1300-2100m. 

They \lerG rninim,~l ,!t -the hi.gher 0.1 ti tudes existing be'tween 

Addis Abe.ba and Debre Berhan to the northeast and the Blue 

Nile to the northwest" On the other hand, 101'1 infection 

rates were also encountered at well beloYJ 2200m. along the 

eastern edge of the plateau. Though, they did not try to 

identify the species, they ha.ve also indicated that in 
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general the relationship bet\-leen a1 ti tude and the distribution 

of hookworm was more marked than vii til other helminths 

encountered during the survey. 

It is th8refore important tl1')t one cleerly identifies the 

species of hookl!!orm .found in the different B.l ti tudinal r.:m(.;es 0 

~Che preventive me.)sure,') to be ti'lcen depend on our understrlnding 

the extent of the problem in the diff'3rent regions of the 

country ~ A study on the prevalence and identi.tication 0):' 

hookuorma \>Iidens the horizon of our understdnding a.nd hence 

helps develop il. rationi)l basis for apPl"opriate preventive 

measure;s. A country--wide study could have benefited the 

planners mm."'- but such 8. study requires enormous expensos both 

in manpower a.nd materLtl resources which Ere 1)eyond the scope 

of this study. 

This study is therefore limited to GondRr fmd Gojom 

Regions end tri~s to reveal the prevolence "'.nd identity of the 

two humr'n hook 1'/orm species, N. ,americrmus a.nd A. duodeIl..':l:.le, in 

relo.tion to altitude:, using the modified test~tube filter­

paper cultivation U1T~8'O) method (Hsieh, 1971). 



2. LIT ERA T U R ERE V lEW 

2. 'I • Gl.;NERAJJ 

Ancylostoma. .0-.uoden.]I.~ snd !fe2:~tor cllne£iciln.~ Dre sme.ll 

nematod~)S found in the upper p,'rt of the sm,'ll intestine and 

c,"usin~~ hoohiOrm diSGcoe. The female .An(}xl.<:>.s.tOlTIE, iG 10·-18mm. 

2.nd the female ~pto..r.: 7-13mm. in length •. The mules of both 

HUffian being" aTe infected vi" the skin or the aliment'3ry 

cancel. The eggr~ cont,in immature embryos, which in optimum 

conditions can complete their development in 24 hrs. The 

hatched LJrV8 (rh.~bditiform l'Jrva) lives freely in the soil 

and moults tv/ice in the course of 8-10 clays and transformed 

into a fiL.'riform L,rva, the infccti ve stage. Sufficilmt 

moi8ture (muddy water, damp e"rth), oxygen 8.ncl warmth (140 C 

to 37°c, preferpbly 27°0) are essenticd for the developmental 

process. The fil,)riform larva is sensi ti vc to desiccation, 

direct sunlight and freezing. 

The l.'.rvae migrC\te through the skin and entGr the lymph 

ancl blood sYEJtems and are corri3cl to the heart and 1 ung:3. 

The lcu'vae finally reach the upper respiratory system from 

I'lhich they Are S'I/811011ed. In the intestine the larvae undergo 

the next moult before becom me; sexua.lly mature. Approximotely 

Six "reeks aTe required for the complete developmental cycle 

in the hum0.n horJt (Strong, 191+5). 

8 



Table 1 summ-.rizes some of the sirnil3.rities and 

diff8rences of the two hoo1,"JOrm species of mono 

gnd lEc.ols>.gj.cl'1. A~trib..ut'l§. . .of. a • .9-U8:.d.e.n.[}IB 

end N. :"ffie.r.i.Q.D.l1Jlfl. (Hoagland ancl Gch~d, 1978) 

9 

r'~ .~.~~~.~~.---~. ---_._" -< ->-- --~-•• ----- .-~. ~. --~:~' - • .• ~ ~~----....~-~.~---.~- •• • - .• --. ~-~,~ ,.~,~ ...... --.... -----~-~;:::.~'. 

> I' bpecios ! . 
Charcctor of nem('tode \ . . :~---~---.-.-~~-~~---,-- ~.-'.~~~-~.-.--~~. ~i 

i A. duoden(.>.le N. alW,riC3nus i 

j"_~'_~ ____ '~_~~~~' -_ ..... _ ... - •• J~~ ._-=~~~ _~~~~_.-.=~~~. ___ .. J . 
C )

1 - .. 2 

> 

\ 
I 
> , 

Hea.n femole> body \~eight g: :'.2 X /10 3 0.9 X 10 . 

.., il 1.1" X 10"7 1.7,'1 X 10~7 I'lean egg Slze ..,. ::; 
I 

E~~g out put! female/day I 10000-25000 5000·-10000 

Typica.l natural life 

(yrs.) 

i 
I spcm> , 

Developmental arrest in 
{ 

humans :;nd sea sone 1 ) 

egg out put ! 

Blood loss/vlOrm/dc;y Cml.) I 

i 

I 
hatch • 

1 3-5 

yes no 

0.15- 0.23 0.03 

15 - 35 20 - 35 
I 
, TOe above which eggs do 

i not hcltch ,4-5 4-0 r 
. t~~_~. .~ .. _~~_~ ____ ~. __ . ___ ~_L __ ~ .......... _._.~._. __ ... --: .. -__ .. ____ ~ __ ._ ... . 
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Table 1. Continued. . ~~. _·~~4_· __ ~ 

desiccation, chemicalG 

and death in f~eces greeter less 

: Reflistr,nce of lorvv.e to 

chemicals and clesicc2~ 

tion greater less 

: Orol transmission yes no 

In utero or trFJnsmammsry 

trf}nsmission 
I 

possibly no 

MeCon number of \'Jorms taken i 
. 1 Ii from one host, Ilglt 

i , 
i 

infection '11.5 29.5 

Mee.n mumbor of vlOrms tcken I 
from one host, he"vy I 

i , 

1 

infection 

, [Vfaximum number of worms 

193 48'3 
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:-... "'-~~-~~.-... ~--.-.---~--.-.-.-.. -~ ..... ;--.~-----~--.~ .. -...... ~ .... -.--_ .. _ .... _ .. , .. 'j' 
: 'opecl'on I ! /J._--'o 

I :- --~ ... -.-- -: -~. ···r-····~ . _ ... ".' ·,:t 
! ; A. du.Qci.~El·IEl. i N. a.mc:.rJ,i}-".D:u.,::: I 
ii, 
j
--_._- -~~~---~--.-.~.,,-.,~ _ .... _-_. -. "-.-~~ ,,~-,.-.. -- .''''. --~.'.-.. -'''-~.---~ --. 

Distribution: Regions; i ~. 
where each species 

dominetes or \'il)S 

dominant 

General geogra.phiciJ.l a.nd 

region .. l prGferlmces 

North Chin.,., 

North We8t 

lndicc, 

11idd10 East, 

1J.lc~i \'l8.n 

LDrge cities 

(Ja.pan), 

I Il:Lghl,'ncb, 

L_~~ _ ... _ .. " __ ... _ .. ~~~. ______ lNo_r:~::: t06 . 

I 

c,outh China, 

iJouth India. 

Indochin,J, 

Africc· , I 
Southern USAJ 

I 
Australi.'. 

LO~ll3nds , 

Tropic,'] 
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A L,rge numbc;r of report[J provide inform"tion on the over-

all pr8v,cc.lence of the hlO hoolworm species oX fl18.n, N. i}mElric~~ 

a.nd A. duoden.,IEl, in various parts of the vlOrld. But it must 

be recognized th,Jt the data. do not describe th", provalC!nce in 

a truly reprcsentati V8 m3nner; they lUCc,rely give [) rough 

indication of the situntion in some countries or parts of 

countries. Some of these reports inclicnte cl decline, others 

indicate more or leGS sti1tic situation, often in spite of 

vigorous efforts to control infection, and in some instiJncos 

the infection re.t·,s are on tho increase (I'IHO, 1964). 

JJooel et 01. (1968) m:cde E!. survey of hoob/orm infection 

in 525 schoolchildren, \ihite a.nd negro in Alabema and founcl 

3. prev;;lence rate of 24.9°1
• In a recent survey in 8. rural 

county of Kentucky, USA, Gloor et 81. (1970) found hookworm to 
, 
be the roost common imtestincll hrelminth, in studies made among 

students. Another survey in 'l'exas sho,'l8d 339' oJ soon fdec,J,l 

specimens positive for hookiiorm (\'IliO, 1964)0 

Hookworm disease is a.n import<,mt publiG" he 8.1 th problem 

in nearly all l,atin American countries (Bloch and Rivera, 1977). 

High prevalence rates have bGen revorted in Brazil (Vinha 

and De Souza l1n.rtins, 1967); Southern FaraguGY (Cemese ~ 8,l. 

'19'75, Canese Clnd C1-mese, ~1976); and bao Femlo (Correa et al. 

19'79). Similar prevalcmce rates have [.11eo been reported by 

Bloch anel Ruiz (~1966) and Linero and Merazo (1967) in EI 
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Dolvador and Venezuela, respoctively. 

Al though hoohlorm infection used. to constitute a. disease 

nroblllnu in the mines in Europe, it is evidently no longer 

important except in pc'rts of Portug81 8.ncl Italy. r1a.ngiafico 

(1968) h"s made ;, statistic,':l study of !. .9-uo..d.e.lliJ 1<:. infection 

in the province of PaviJ, Italy, a.nd has noted a progressive 

diminution of the diseiJse to the point I"hore it hos alIllo,gt 

dil.wppeared. HOI.Ievor, De Carneri enci. BiEwin (1973) fou'nd 153 

persons ',lith hooln'lorm ep~9:s in their f'cceces out of 959 

agricu1turD1 vTorkers and their f0mi1ies eX0mined in Lusia, 

Italy. De Carneri (1974) has indic,'ted a high prev:,lcnce of 

hook\iOrm in Northern Portug"l. 

Various report;", among them, NazarLm (1973), EbrDhimzadeh 

(1976) snd l1udenko (1980) [!ive the generH1 impression tlvt in 

pr'rts of Yemen, Iran "md Leb"non hookworm infection is virtually 

absent but th"t foci of high prevalence m:ly occur. 

In Egypt, the over··all r:-,te of infection in the totc:l 

rurDl population vms estimated felt about 10"', during D survey 

in tho years preceeding the lClte thirties, the majority of the 

people being farm labourers (Scott, 1937)" In vlest Pakistan, 

the highest hookv.lorm infection rote in all the villages 

surveyed vias 36'" and in the East the hookworm rate among a 

group of selected patients \'lOS 280/ (Aziz and Siddiqui, 1968). 

Various authors, 8.111ong them; Ragh8v,m (1967), Vedyarthi 

(1968) and N8V1alinslci et 81. (1978) helve reported the prevalence 

of hook"iorrnR in difforent parts of Indii<. In different parts 



of Indonesic, Asc;?ris lumbricoides, hookuorms and Trichuris 
-~--.~~ ~-.. ~ -~------~-~ ----~~--~ 

.:t,;r.ichiur.?; are the most common helminths encountered (Carney 

et ,~.L 1974). C,wneY.':3t i' 1,. 0 (1974) in c survey conductfcd in 8. 

sparse ly popuLcted C.reD in liest Sum<:ctrc', given OVGr largely to 

the cuI ti vCltion of rice, uFJing 364 people in four villdges 

they found a 669' infoction r, ,te for hookworm. In HS.1;Jaii, 

Desol'li tz and Uiebenga (1975) ex.omined. 275 loc,jlly··bo:cn Hchool .. 

children and 115 foreign···born, most of them from the }yhilippines 

or '~Gmoa in 02.hu. In genar",l, theme ViC.S B high prevalence of 

hooln-lOrm infection in the imrnigr::mt children. Ipter Ct,rney 

.Q.t 9.1.. (1980) examined intestinol p,:.rtlSites of man in Northern 

Philippinefl 2nd found 71'" incid:ll1ce for hook'dorm. 

In ICorea, according to llho et aL (1968), 11.69' of 155 

urb8.n dl-Iellers and 11-1.6 0 ' of 693 persons in rural areas had 

hookliOrms in their foeces a.fter treo.tment l'lith bephenium 

hydroxynophthoiJte. Later Choi e1>. :'11. (1973) reported o. 

prevalence rate of 23.8'" in the northern part of South Korea. 

In Taiwan it i.s stL .. ted thst hoolnrorm infection is highlY 

endnmic in most rural fmel. sub-urban districts. Hookl'lorm 

infection is most prevo lent among [:clults in all loc8litiGS 

investigcted (Hsieh ct .':)1. 1965; Hsieh, 1970). BiJrgnr"r e1: 81. 

(1973) in a PClI'tlsitologicol survey of the Yami aborigines on 

Orchicl IBland, Tail1cm, found a prevnlence ra.te of 33.701 for 
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In Jopan, hookworm r:nd Asc,Jris are the most prev:hmt 

helminths encounter(,d. Ishii (1972), using 1:;'.';0 different 

methocis, estim,)ted the prevalence 0:[ hooh!orm infection in 

a region of i:)outh Japan and obtained inf'.'c'i;ion rl.i.tes of 3'1'" 

and 25"1. Hook,lorm infection is rnre in city dwellp.rs but 

still common among a.griculturfil ~JOrk8rs. 

Hook;'JOrms :,re 'dide ,·spreF·d in Africa. Reports indicl,-·te 

high prev,lence rEJ'I:;es of hookvorm infection in Congo (\tWO, 

1963; Ripert B.nd Carteret, 1969); Liberia (li'ranz nt ~. 1964; 

Hsieh et 0]'. 1972), Zimbil.bwe (Gelfand and v.iarburton, 1967), 

Ugand~~ (BamJell et. ,J:!". 1967), Gh,)niJ (BIJ.kker, 1969), Kenya 

(l'Iiller, 1970; Pamba, 19(30), Togo (RicciElrdi, 1974), Tanzania 

(Rep IJnd Shaba, 1976), Zimbabwe (M'3.cCabe and Goldsmid, 1976), 

Z6.ire Republic (Colaert .El.t .0,1. 19'78) and Nigeria. (Oyerindi, 

1978; Nwosu o.nd AnYG, 1980). 

Ancylostomiasis affects a lurge number of people in 

Ethiopii.'. Various reports indic,~tG varioufi prevcl,lence rates 

of the hookworms in diffGrent p:rts'of the country. In 

Gondclr hooloJOrm infection 2mong schoolchildren was 2.101 

(vlang, 1965), 12.2'" B.nd 13'" (Chang, 1962), 159' 8ncl 46.7cl 

(Hi,,'.tt, 1976) end 77'" (f1cConnell I'.nd Armstrong, '1976). 

Studies mDde in different pr'rts of Gojam shol'l a high 

prevalence of parasitic infections • 6 0' 4« 14Q! 6Q", 85"' .. , -', " /" 

950/, 8SC', 57 0 ', 79<1, 56 0 ', 980 ', and. 95°1 infection rates due to 

hook\'lOrm vlere found in Y"temen, \'Jegel, J.,umGme, Amanuel, 
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Dembechc'., Monkus,~, Bure, Du.ngl,cc, \'Ietet Ab8.y, 11ercwli, Jige 

and }l'enote SeL"'a schoolchildrl;TI, respectively (NcConnell 2nd 

Armstl. ong, 1976). 

The riJt8,S in the province of RDrar from hospital C8.ses 

were 19.6'" (BL'ho8 ilnd Kubasta, 1963), 28<>' (Kubasta, 196'+), 

2.7"' (Lo et ,'J,.. '19T5) dnd 4.9'" (Lainovic, 197'+). In loca.liti88 

in the Lovler Aw<:,sh, Lemmo ('196<) found the folloViing infection 

rates: Dubti 110/', ASSdyt,:. 49', Banga 3'1', AVla8h stiltion 50' and 

Nelle" IConture 2.2Q'. The highest r"te reported vns 16.6'" f.rom 

Kok8.. }I'rom AdVlo 3.7'" infection r,'.te vias reported by Buck 

(1965); B.nd Torrey (1966) reported 1.5'" infection r~)te among 

the Dey S,e'y people in Ivelega. 

McConnell c'.nd Armcltrong ('1976) in their survey of 

intestinc,l par,'pj >38 hr:ve rFJported the follo\'ling prevalence 

rates for hoohJOrm: Gebre Gur8ch:.'. 17"', Filklik 910/, Meshenti 

55"', Zerima 77"', Adi Ark"d 20"', Maitseberi 290/, Inde Bo.guna. 

45"', Belekleko 2LH', I'lukro 90', r1ekele 90', Mukufuto 7"', Kombolcha 

60', Karo.kore 219', Efeson 28 0', Jewha 26 0 ', Debre 8ina 110/, Bela 

Dingo.y 39', Debre Berhan :S"', Ankober 14"', Sheno 39' and Lege 

Tafo 3'", 

2.3. FACTOR!.i INJi'LlJ},NCIHG Tll.ANGt'lIi~BION 

The effects of altitude in the distribution o.f these 

helminths hove been considered by mony authors. 

DenlC.'yer ~! D!.. (1955) state that there is no striking 

difference in infections of helminthE! at higher altitude. The 
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s9,me opinion iD expressed by Pyue ~ ".1. ("1956). On the 

other h.md 8vonsDon (1956) suggests th;lt high ;c.lti tude tend 

dryness prfNent the development of immtlture helminths to the 

iniectious st,cge outsido the host. vJatson et 21.. (1956) 

indico'.te that increasing altitude cGused a diminishing 

incidence of helminthic infection except for Ascric: lumbricoides 
-----~-- ~~ ~ ......... -.-.-~--~~~. 

and liY..m.ElIl91oQis. !l2.JlEl. ftUcl "lime; (1965) found 0. significi'nt 

difference betl'leen Ethiopian children li vine; in highlands ,)nd. 

thoBe in 10';IL;ncls (68.S?' and 95<Y', respectively). Diosfeld 

(1969 ~ states th,,,t incidence of hooln'iOrm in Kenya decreases 

\1i th rising ::'1 ti tUde. !Celly a.ncl Garavusi (1974), hOI-leVer, 

indic2.te a high incid:onc(~ of hool\vorm infection in mount",inous 

regions of Pi.pUiJ. Ne!.) Guine':C. Ebr8himz8.deh (1974) found 

hook1:lorm to be predomim:nt in ".re,'s of Iran l'Ii th w8rm, humid 

and ocec1l1ic climi:.tc. He exc,mined 10L~2 stool samples in Iri~n 

from Houdzo.r cllld ~~Nh8.hy in the north (l'larm c.nd very humicL 

oce.:mic clim"te), frOla Kharri:,mi.lbad in the weElt (dry 0.nd 

temperote) ,md from Ahwaz in the south (dry and very hot, but 

often Hi th cold nights). HookHol'm was predonlina.nt in the 

north. 

Di r3sfelcl (1970) has enelY,'led the conditions which 8re 

associated \'lith a high prevalence of hook\Jorm infection in 

Kenya ancl other p3rts of East Africa, including Ethiopia and 

Ugonda. DB.to. sho"l that spre:Jd occurs most readily in a 101-1~ 

lying moist "re,;. In one a.re,'!, s.t G height of 1100 to 1lj·00m. 
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above sea level, the infection rD.te of th0. populo.tion W~jS 

50 - 800' falling to 10Ql in nec.rby upli'nd regions. Briefly, 

Diesfeld (1970) indic2tced thi·t a Vl2rm, moic;t climiO.te is 

sui table for the prop2gc,tion of h-ncylost()mfl, vlhere8.s a cool, 

dry clim:.te is harmful. HcConnell ,mel Armstrong (1976) 

indicuted tho.t in general, the relutionship bet\leen 8.1 ti tude 

anu the distr·ibution of hooh/orm VWB more m,~rked than \'lith 

other helminthEl encountered during a survey in 1~thiopi8. 

Hooln'lOrms eliffur in their to18rance of high Dnd 10\1 

temperctures, fmd it is this r'mge of optimum temper,'lture::l 

vlhich m.~y c:.ccount .f.or the more northerly dictri bution o:f. 

A. eluodenale 0 This species can StiOlllrl. 10\'1 tempercctur(:'s 

appro,"ching OoC, wh8reas N. ~.r.iS!:.~us is killed by brief 

periods of chj.lling 8t temperatur,os Hell 8bove freezing 

OIHO, 1964-). 11atsus8.ki (196') indicD.ted that the eggs of 

A. duodenyle c,re the more r:,sist,'nt to 101'1 tempfJro.tures. In 

his study, they \'Jere not clffected by exposures for 3-23 

hours at temporutures hi~~her th:,:n 5°C, for one day 8.t temp· .. 

eratures Dbove 8°C, for 2 .. 3 days at temperL'.tures above '16°C, 

nor for 6 .. 10 days nt tempera.tures above 20°C. Kim (1969) 

carried out experiments to determine the survivB.l of e8gs 

and infective IBrv'3e of A. duod3nal~ in different conditions 

in Korea and founu out that the oggs in the stool completely 

lost their viability after 30 da,ys at 28°0, 22 duys at 5°C 

anel 12 hours at _10°C, respectively. On the other hand, 

Necator can develop 8.t tGmpcratures a.bove the rDngc of 
-~.~- -
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ExpertFl indici:.te tiLt the opti.mum temperc'.tures for 

di, velopmont nrc 280C '- 320 0 for Nec.J.tor and, for An~;:{.l.c?.§toja.i!. , .. ~~~~~ -~----
5°0 . - soc 101'ler thEin this (I')HO, 1963). OnC0 the infective • 

stdge h,).s been re2cl1ed, bothe, f~p0cies D.re rel.:.tively I'osistc'llt 

to temperc:ture extremeR. 

f)eiJson.~li ty in humc·n hoolu-!OJ:lns hiJ.S boen the subject of 

mc:ny i.nvostig.Jtor.s. Sturrock (1967) mude monthly count,; oJ" 

hoolmorm eggs in schoolchildrr3ll for twelve, months. 'i'he pil.ttern 

difLlred in individual children, but trcl.llsmis.sion ,:'ppe;::red to 

be limited to D. period between the short A.nd the long rains. 

An experiment "lith hookc!Orm inJ'ecti vo le.rvE.le alBO indicRted 

thnt clim8tic conditions I'lere unfavora.ble for trcnsmission 

after he,:lvy ,:nd prolonged reins. According to Vin.:cyak e~ ~l. 

(1979), the rainy se8non Vias found to be the mo"t favorable 

season for the development and survivd.l of hoolClwrm larvae, 

vlherei's the least favorable I'Jere the Winter months. During 

colder months, the eggs remained dormimt for a long period. 

JJarvQe reoching the surfi3ce of the soil during flummor months 

\'Iere killed by di.rect sunlight. Nwosu Dnu Anya (1980) 

indicated tha.t there UilS a mo.rlwu increase in the over-all 

.''\onk'bl'lil 'burden follOl-ling the onset of the reiny senson, and 

then a gradual decrease in infection during the dry season. 

In relntion to the consistency of the soi.l, it has been 

observed that there is rm inverse relationBhip betl'leen prevalence 

of hooln/Orm infection Hnd density of the soil. In hecwy soils 

prevalence is 10\'/, and it is generally considered that sandy 
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soils ere rnol3t sui t"ble for hook'rlOrrn L'rvae (HllO, 1964). 

T.he same opinion is held hy Vin,~yak et e,l,' (1979), where 

Bo'.ndy Boil Vias founcl to be elil flxcol1fmt mndit'ID Jor develop .. 

ment and survi v,~l of L~Tv"e. Cley vias the I'Jorst soil for 

'\:;he survivu1 of the hoolworm larvde. A mixture of cL,y and 

sa.nel geve results betvJeen the two extremes. 

Vieira and ;,'r;"(;E De Azev',ldo (1966) 8.1130 report that 

cont2ined more orga.nic matel-'i..J.lo 

There is c. consider"ble body of kno1dedge to indica.te 

tha.t in certe.in pi .. rts of the world a. very lo.rge number of 

peoplo aTe ,:Ictually Buffering from BOL1e degre'3 of anemia 

produced by hooln;or.ms a.nd tha.t this h}s notably returded 

their cc,()"cj.ty to \'/ork and to leern. Roche .nnd IJtlyrisse 

(1966) consider that hook\<JOrm anemia is closely re18.ted to 

the iron int"ke of the subjects in whom it occurB. vlhethccr 

anemia does develop d'1pends on F;. be,ldnce bet\<leen the iron 

utilized by the body for haemoglobin pr.oduction ,mel that which 

in lost vio the hoolnlOrm. A significant corrolDtion betvleen 

vJOrm burden ,:nd Gnemi;) has also been found by Vlhi to .c:! a1. 
~, 'i 

(1957) ;md Farid cmel i'1ic;le (1962) and evidence (~1cJrtinez .. 
/. 

Torres et 81, 1967; Gajc)wani ,md Trivedi, 1969) suggest that 

in hookviOrm infection tho principal CD.UGe of anemia is loss 

of iron from the intestine brought about by bleeding. 



21 

Blood loses per \vorm hiwe been v3.riously estim2ted 

(Roche ond LDyrisse, 1966; J'1Ghmood, 1966; FJrid ,~i ~. 1966; 

Bloch Ilnd Ruiz, 1966; }!'arid et c.l. 1970). Though estima.tes 

gener21ly rBnge higher in terms of 10S8es per \,orm in light 

infections thon in heavier ones, it is believed thClt blood 

loss per \'IOrm per da.y is 0.005 - 0.1ml. i'or N. ~icanus tlnd 

0.015 - 0.34ml. for A. duodenale (Komiya andYasuraoka, 1966; 

Roche and I,ayrisse, 1966; HOi'glEl.nd and .chc.d, 1978). 

The effect of hookuorm infection on the intestinal mucosa 

has been the subject of severa.l studies. Rai et ale (1968) 

found some correlation beh.reen abdominal s.bnormali ty and 

hookworm infection. According to Halsted ~ a1. (1969) and 

Tancion et a1. (1969), hookworm infection was not a cause of 

malo.bsorption. However, Burmo.n et Q. (1970) SUggC:f3t bio~, 

chemicel evidence for moVlbsorption, obtained in six patients, 

all of l'Ihom had high egg counts snd 10Vi haemoglobin levels. 

Defective absorption of folic ,'.cid ho.s been reported in 

hoo]n'iOrm infection (Areekul et a1. 1975) and this could be 

a menifestGtion of more generBlized intestinal ma12.bfJorption. 

Both species C3.UfJe skin reactions that are more or less 

severe depending on the intensity and f~'equency of exposure. 

Repeated infections vIi th Nec,ator may cause the typical picture 

of creeping eruption (\'IHO, 1964). Pulmonary reactions to 

Necator B.re apparently mild. Pulmon3ry recctions to Al1cyl~ol!l.' 

have been notcd, especially in Japan, \'Ihere the condition is 

" 



22 

l'eferred to ;'s I \'hkc'n':l dise8se I (Muller, 1975). 

The developm,mt of infective IJrvae in faecal cultures 

VlS.8 frequently used .foJ' hookworm didgnonis. HO\'lever, not 

until H;3To.da. and ~jo:ci (1951) produced a test-tube type culture, 

\'las it restored as 2n e8SY loborcotory method. Sasa et 81. --
(1958) demonstr8ted the value of the test-tube culture in 

epideraiologic~;l survc;ys for hook\'lOrm, as well 13.S for 

Btr:.oJ.lgYloid(~'s sterc.o_r:.~1ii3.. This was due not only to the 

simplicity of dicgnosis through finding infective IdrvBe in 

test·-tube type cultures, but the fe13.sibil:l;ty of rapid 

differentiation of the third larval stClges of Necator and 

j\.nc;y..1ostoma and St~2P.g;y:loide~. Stoll and Hsieh (196~) 

employed the technique \'lith dilution egg counting in 

attempting to obtain a preliminary 13.ssessment of the relative 

amount of );i[. americanus and A. ,duodenale in \<lest Africa. 

Maruashvili et aL (1966) modified the test-tube method 0:( 

cuI ti vation of hoolnlOrm Inrv.Je, and obtained laTge yields of 

larviJe by using gl£l.SS jars end I'fide strips of filter peper. 

Lobel e1:;, al. (1968) indicoted that culture for hookworm, 

larvae WC!.8 8 more sensi ti ve dia.gnostic method thEm ei thor 

salt flotation or formol··ether concentr;jtion. 

A number of oth'~r flUthors, Franz et al. (196L.) in Li berid, 

Hsieh ,Elt 8\. (1965) in Tbiw13.n, Hsieh et a1. (1972) in Liberia, 

Ohoi e1:;. 8.1. (197:,) in Korea., Oh13.con et 3J~. (1975) in f'lexico, 
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• 
(1978) in Londrina., Br,'zil, CoLlert et :~J,.. (1978) in Kinshasa, 

Oyerind0 (1978) in TJcJgos, and Correa !2.t. dl.. (1979) in Gree;ter 

Gao Paulo, Brazil, hnv8 utilized the fb.rdda Mori mothod to 

study the idrmti ty and distribution of tho tuo human hoohlOrm 

species. 

I:lhat ma.kes the test-tube culture ,C). \lOrkn.blo device is 

related to the biology of the free-living stages of hookilOrm. 

I'Ihen a stxip pi filter paper is sme,J.red lightly Hi th faeces 

cont~lining hook 'ona eggs, dnd the ,strip plc,ced so thct it 

dips into a sm".ll amount of water in the bottom of c1 lEirge 

test-tube, the filter paper acts as a \'lick and the smear 

become sntureted. Evnporation is prevented and high humidity 

if) produced by covering the top of the test-tube tightly \'lith 

cellophimo. A zoogloeal grol1th soon appears on the moist 

surface in \'lhich hoobdorm larvde hatch a.nd develop. After a 

feV! dcl.yS at f<JvorHblfc, temper()turo these become mature free-

living forms and reach the non·.feoding third stDge. The 

infective l8.rv8e tend to leave tho surfDce of gro'dth [mel 

gravitate to the water and, being poor swimmers, they become 

trapped ot tho bottom of the test-tube. The infective la.rvae 

in the sediment at the bottom can be withdrawn easily for 

examina.tion, Dnd can be morphologically differentio.ted. at 8. 

relativoly 10\'1 power under the microscope. Both hookl10rm 

species beh"ve the sa.me vl·~Y. 
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Hovlever, inf'ec ti ve li!e9,L,tCl.lC l,,'Tv,:,e grovit,cted. to the W8.teX' 

les!.l f'requently th,ln AncJ'1:2..:s.torl1.':': ldTv".e Dnd further rrl:;udy of 

this difference in the re,'ction of infective l.;rvoe under test­

tube cuI turG conditions h,:s led Hsieh (1971) to m81w a 

significunt modLfic.c,tion in the technique. 

In ord'clr to secure optimum yi(;)ld of the infective V'rv3.e 

produced by both fJpec:i.es, eXCl.min"tion or more them the bottom 

~lciter of \'.n undisturbed cuI turEl ifJ required.. Those 1.,;rv8e 

thnt did. not migrate to the bottom \'later by the end of t;he 

cuI ture period need to be incl ud',d. It '113S found tb;"t by 

gently filling the tubG Hith w8.ter, so £1.S to immerse the 

entir,:, vertic21 surface of' the filter p"per, allovled 8ny 

relucta.nt lurv.:;e '&0 be vlO.shed off the surfr·ce and sinle to 

the bottom. After en interv:,'l they settle, and the full 

cuI ture yield is obt"J.inable in the sedimrcmt. Introduction of 

this oblig.;te immersion as one in a set of procedural steps 

for st,;nd;'.rdized qu<).litative results is termed 'l\'lodified 

Test-tube l!'il ter~pc·.PGr Cultivation' and designated MTFC 

(Hsieh, 197/:). 

No.ny C{ttempts h.'lve been mr-de to cont:col hook\;iOrm 

infection 8.nd .) number of drugs have been utili zed for the 

treatment of ancylost01niasis B.nd nec;:1toriiJ.sis. 
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V"trious ,-.uthors, among them, Botero iJnd porez (/1970) 

bud Chitrathorn et ."'1. (1972), h,:ve re~)orteel phenylene di--

iBothiocyanate to be effective ago.in8t hookl-JOJ.'m infections. 

Other rese.~rchers, Goldsmid n.nel Saunders (1972), Holz et D.l. 

(1972) and Vakie et ell. (1972), lEve inelicc-ted the efficacy 

of lev2miGole, mElbend<3.z01e [mel pyrcntel embonate in tho 

treE,tment of hoolnlOrms. 

Hsieh (1970) h~lS revie\'Jecl the r3sul ts of ten ye2rs \'lork 

on the treatment of hoolworm infection "Ii th difforent drug8 

in Liberia and ~r,'}iwan. Tetr8chlorethylene, b(~pheniurn hydroxy­

naphtho,)te, bromonc!phthol End phenylene di·-isothiocyanclte 

\'/ere the roost effective, and except with bepheni um, higher 

cure rates were obtained in Nec':':..tor,: infections. 

At the present time there are three products of choice 

for the tre;:tment of hoolmorm infection: tetrHchlorethylene, 

bepheni um hydroxyno.phtho;).te, and pyrBntel embonate; \'!i th the 

former tl')O more frequently. ufied. 

Lim et al,. (1975) reported bephenium to be more active 

than pyrantel pmnoate against .J:l.. 8.meri~llus infections. 

However, ZamEm a.nd Loh (197L"), Chinery et 81. (1973) and 

Haddock (1970) reported a poor therapeutic response to 

beph,'nium in patients ~Iith ~. ~ic.":I!:.ll.?' 

Bephenium hydroxyn8phtho"te is morEl effective against 

A. ~lli!-lQ than ~. ~ican.us (ImO, 1963). Pyrantel 

pamOc.t8 was 8_lso found to be as highly effective as 

bepheni um in patients \'li th /':;,. duode~~<.:Je. 
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NecAtor Dmericc,nus is more suscptebilo to tetrachlor·. 

ethylene (Oli veire., 1970; Bulmer .et e 1. "1970; 8enewirD.tine 

et £.l. 1975). 

In view of the fuct thot bephr.ni urn 8.ppe,;rs to have a 

more selective ,.-;ction on A. cluod3l!-2f'., while tetrD.chlor-. 

ethylene seeIDS to be effective against N. ali1eriC!'ll~, combined 

treatment is employed (ViRO, 1963; Noomen, 1971). 

2.7. PREVENTION AND CONTHOL 

Hany writers inform us ebout the numerous method:] of 

prevention and control of hool{\]o~cm infection. According to 

vHIO (1981), c .1ntrol of hook'rJOrm infection and anemic. involves 

four c1.ppro,'.c:·",:s; the r.lani t,-ry dispos;;l of fc;eces , health 

educcltion, chemotherapy, end corroction of the anemia .• 

'l'he provision of latrinos and education in thoir proper 

use B.re crucial to the control of hook\Jorm infections. The 

wearing of protective footwear is an essentie.l complement,'ry 

measure. 



3. MAT E R I A L ~ AND MET IT 0 D S 

3.1. DESC1UI"l'JON Ol" 8'l'UDY m:GIONU 

The study are:'EJ in this project \'Iere Gondsl' and Gojam 

Hegions. The tVlO rer~ionf3 V18re selected because: 

- they repreGent the defined altitudinal areas (highland, 

temperate and lowland areas); 

- av.-!i lceble reports indic,.to I a relatively high()r hook-

vlOr.m infection rates in the tVlO regions; and 

study in these regions Vias found to be economical both 

in m:J.teriE.l and finenci2l expenses. 

Gonddr Hogion (Fig. 1.) if3 loc&ted in the North \~e8-(;ern 

par'\; of Ethiopia bordering Goj8m Region to the fJouth, \Ielo 

Rea-ion to the eOf3-(; Tio-rai Region to the north a.nd Eritrea.n 
o - '0 

Region [md the Sudan to the northwest and Vlest , respectively. 

The area is 7L",200 sq. km. c:nd the populcd::i.on is estim8ted 

to be about tvlO million, 'lith DVerGge popula.tion density of 

28.4/ sq. kUl. The northern port of the ree:ion compriSGrJ , 

the Semien 110unt,dns .mcl Has D2.shen, the highest mountain 

in Ethiopia with a. peak of 4575m. There are fertile 101'11ancl 

areas in betl'leen the mount2.inf3. In the northwest there is 

much sloping clown towards the plainf3 along the Sucl"n border. 

The most western end of the highlancl plateau merges into the 

10\llccnds of 11eternG.. To the south, the border of the G.rea 

is JJake Tana. (Nin. Public lleilltf,.1977). 

27 
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:U'requent ground· .. frost occurs in the high rpgions. 

Avern.ge ,',nnual rainfall is 1700mm. c.t high al ti tudes anel 

about 1250mm. in 10vler region:J. Rainy seasons c1.re JI'ebru,::.ry 

to Ap:cil and June to September. Aver;].ge i!.nnuc.l range of 

temperoture is from 16
0

C to 30°C (Daniell, 1977). 

Teff, wheat, burely, sorghum, ffinize .md some millet are 

cultivated. Puh:es and oil seeds 8.re ",h:o grOHn. There a:ce 

potentia.l cotton-growing areas. 

3.1.2. GOJAM m~GION 

Gojil.m Region (Fig. 1.) is botmded on the north by Li.;ke 

Tm1F.l. and Gondilr Region, on the ea.st by \,Ielo Relgion, on the 

south by Weloga and Bhewa Regions and on the "lest by the Sudan. 

The Blue Nile River traces the border of the region to the 

Sudan frontier. The eostern part of the region is mountainous 

terrain, sloping gradu,:,lly tovlard the scrub Ie,nds near the 

Sudan bordsr. The region has an 8.rea 'of 61,600 sq. km. and 

a popule.tion of A.bout hlO million \'Ii th average population 

density of 34/sq. km ( Min. Public Hedlth, '1977). 

There dre I'lide temperature variations - cold, especia.lly 

at night, in highlands and very hot in the vFllleyrJ. Averc1.ge 

o 0 annu,c,l temperature ranges from 16 C to 30 C. At altitudes of 

3,000 to 4,000m. the temperature is quite cold. In the 

mount,]inous regions, frequent ground-frost is observed in 

December 2nd January. The rainy seasons are i'rom March to 
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April and June to ~;ept8mb8r. Average annuol riJinfall iii 

betl'leen 1200 and 1500mm (Dcmiel, 1977). 

The region is fertile. The principa.l gr[;ins cere tefl', 

barely, wheat, maize, sorghum, and millet. Potc'.toes and 

other veget,:;bles are '-I.lso grOlm. Pulses and oil seeds are 

cultivated in some nreas and th'Jre ore potential cotton 

producing nref~ s (> 

In both regions, the popuLJtion :Ls almost v,holly static. 

it is estimated thc~t ov'r 9001 of the Horking population ill 

engaged in cgricul tural practices. Everywhere, with :few 

exceptions, the inhDbitant.s live a life Hhich revolves around 

the annu,?l cycle of plimting, growing and. harvesting. Since 

there is no essenti!31 difference in the sanitiltion of the 

people living in urbon areas and of those living in rural 

are,J.s, the environmental conditions which are responBi ble for 

the disseminoJtion of helminths are present. Urban dHellers 

for the most p"rt live in crovlded situations, \-lith activities 

primarily centered a.round the houses, while those in the 

rural villeges live in widely disseminil.ted areDS and often 

travel, to I'lork or to school. \-Iater supply, sewage and refuse 

clispos,J.l are poorly organized. Some poorly·-constructed pi t­

latrines are availc.ble in urban are;·.8, bU.t are seldom used. 

People defecate in the fields, in bushes near the houses, in 

the ditches or in seconcls.ry ci'nals. Shoes "re not \'lorn in 

rural arefls, even by the better-educ,:.ted leaders of the 

communi ty, 1'lhile engaged in \"lork. 





Fig. I. Gonder and Gojam regions olong with .the prinicipal study sites 
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Both regions exemplify temperature-altitude '-potential 

evapotrans'piration rela,tionships as classified by Daniel 

(1977) for Ethiopia and accordingly, in the lowlands 

temperatures and \'later losses are high and rainfall amounts 

are low. In general, the reverse is true of highlands. 

3.2. Bl'iL.,cnON 0:[1' fjp ,C:U"IC STUDY Aiill.ill AND BA.IvlPE,; 

POPU'L,,'!' I ON 

Student popul;:"tions from elemente'ry schools were 

selected to repille.sent the community they live in for various 

reasons. 

a.. They share the seme envir.onment as the other sections of 

the community. 

b. Since they live nea.r the schools, they can provide 

reLd;ively reliable locol information. 

c. They bre likely to accept the inconveniences of providing 

stool and other investigptions. 

d. vii th the exception of age, they reflect community 

prpctices. 

Elementc1ry schools were taken for comparLsons i because 

elementory schools Vlere relptively "lide-.spread in rurD.l [i.nd 

urban areas of the regions, as compared to secondary and 

middle schools. 

After em ini tiDl surv'~y had been conducted to determine 

the al ti tude, all schools in the t\;O regions \'lere classified 

into highlo.nd, tempera.te end lowland schools. All pla.ces 
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below 2000m. were considered lovilands, 2000-2500m. are 

dosignRtGd [1S temper:,te and Dbove 2500m. are considered 

highlrmds (Min. Public Health, 1977). schools \'Jere sGlected 

on the basis of the pre_determined criterion which required 

that schools v" .. ry in altitude but to be similar in all other 

respects, as far as possible. Thus tho method of selection 

Vias stratified cluster saJOpl i_ng. This mGthod of sc1.mpling h,,;.s 

the benefit in terms of precision (less variance) .~nd is 

economical. The advantages o.f stratified sampling are 

extensively discussed tn the literature (KLsh, 1961). 

Accordingly, s(wenteen schools representin[!; 6, 000 students 

from GondCl.r Region and fourteen school.s representing 7,500 

students from Gojo.m Hegion, a total of thirty-one schools 

(Fig. 1.) representing 13,500 studentf3 were selected as 

principc,l study sites. The 10\<lest point considered in GondiJr 

Region ho.s o.n al ti tude of 1200m. ".nd the highest 3150m. above 

sea level. Similarly in Gojam, the 10\l0st site considered 

ho.d an altitude of 1650m. and the highest 2550m. (Table 2.). 

Areas out of th'se limits could not be dedlt with becDuse of 

various problems. 

!'lostly students of grades thrc:e to six V18re taken to 

represent element3.ry school students, Vlhenever pOBsi ble 10Cier 

gradeS \<Iere excluded. 

After the purpose of the \vork ha.d been explained to the 

princip81s and to those directly concerned, stud.ents who 

fulfilled the follol1ing criteria Ivere listed as prospective 
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a. lived in the dren continuoucly for five or moro years; 

b. never hod treatment for any intestinal ailment during the 

lest three months; nnd 

c. att<3nded c:tosses at the ti.me of' study. 

From the lists containing the nomes of prospective donors, 

a totel of 3239 students, 1414 from Gondar Hegion and 1825 

fIom Gojam Hngion, l'18re selected, using systemntic sampling 

wi th a random st,_'.rt, to constitute the s,J.mple population for 

all thirt~,one areas studied (Table 2.). 

This work "I{'S cnrried out in tl'/O phHS8S. The firFJt 

part of the Hork comprised the study in Gond8T Hegion and 

took place in October bnd November, 1982. The second phase 

of the '-lork involved the areas of Gojc.m Hegion arid was 

a.ccomplished in F8bruery and i'larch, 198';. On all occasions 

simil,3r methods Here employed. 

3.3. Sl'E01f-tl~N OOL1,',O'1'101'1 

After lists of donorS. h,ld been dra.vw up, a cont2iner \'las 

numbered for eech student and distributed. Prospective donors 

I'Jere asked to furnish not less than 10g. of faeces. vlhenever 

possible, the containerG \~ere handfJd to stud_ents in the morning 

and collected \'rithin a fel'l hours. The specimens I'lere trans-

portr,d to the Gondpr Oollege of Medic<3.1 Sciences Hospital 

Labor;Jto:cy on the seuue day of collection whenever possible, 

or I'li thin 8. couple of diJYs, by ca.r. 
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Gondc"r 

Goja.m 

T(3.bl'J 2 

Nur!ll?.a:r: oJ Study' Subjcct~ 

l:;r: !'::..~' .. and!l:t;itll<iS: 

.-~-~~--~~~.~ .. --~-~.- -~~,.-~~~~- . ~-~.--~-~.----~<~-~~--

Nefe8 JVJe\vch,~ 61"" 3150 
61 \ ,0 Kossoye 3000 

Kimer DingeJ.ye 50 ;.~ t<-, 3000 
Debarq 100 (l'C) 

2950 
Gassay 6'+ _I 2850 

AykeJ. 6'+" 2350 
Dib Bahir 70 ! 2200 
Tikil Dingaye 101 i·-n. 2100 
Enfraz 50 (n 2'100 

, :') 
Maksegnet '+8 ) k 2050 
Chu;,hi t 72 \ 2050 
Miza.be. '101 J 2050 

Kol,c! DibA 8'11 1950 
Gorgora. 100 ,~ 1850 
Adi Arkai 120 r 1700 
Zarf-)ma 1 ~;5 II) 1200 
Sanja 1,-0~, 1200 

Total 1414· 

Telema /1001. 0 
2550 .A, 

Betchena 100 ' d 2550 .I 
Mote 1~gl 2450 
Amo.nuel 211-00 
Tilili 150 I "' 2400 
Dangela 150 ~() 2150 
Dembech" 100 ! \- 2100 
11erDHi 150 I (f) 2050 
Bure 150; . 2050 

Dur Bete '1501 2000 
vletet Abay 150 1(", 1900 
}I"enote Belsm 205 ] ~.; '1900 
Bahir Dar 100 ' '1800 
Chagni 150 1650 

Tot,:, 1 1825 

Over-·all 
total 3239 

-----~-~~--.~ --.~~.- ,~-~~.~,~~--~-.. ~ ------~ ......... ,-----~-~ .~---~~. -' .- ~~ 
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In the l,-,borCltory, the conta.iners Viere "rr8n[l'ed in 

numerica.l order. A smull 8.mount of eech stool (about tvlO 

gr8.ll]s) froll] each sample viC:S processed to indicate the presence 

of hookvlOrm ova by the m8thod of Hitchie (1948). 

In Ritchie IS (1948) method, about two grams of ei.,ch 

stool s03mple Vias praserved in a numbered bottle using 7.50/' 

forma.lin. The specimen 1'10S then thoroughly stirred, and 

depending on the size .. nd denGity of the specimen, sufficient 

quanti ty 'IIilS stra.in,"d through doubl,) layered cotton g;mze 

into 8. numb8red 15mL centrifuge tube to give about 5.5 to 

1 ml. of sedimcmt. Tap \'Iater VIi'S th8n Gdded ,"nd mixed 

thoroughly (JDd centrifuged at 2000 rpm. for one minute. The 

supe=2tcmt \'/"'.S decented p.nd ,:bout 10 ml. of buffer 'lIaS 

added to sediment Clnd Hllowed to stand for 2--3 minutes. After 

[,dding about 3 ml. of ether and shald.ng, the spocimen \'18.S 

centrifuged for two minutes at 2000 rpm. The supernatant '118.8 

then doc:'mted (md the \'Ihole sediment transferred to a slide, 

covered vIi th (1 Hide cover glass '-md examined for hookworm ova. 

Positive stool somples VIere thus identified for culturing, 

vlhich in turn took place; immediately. 

CultivcJtion of the filarifo:cm larvG.e involved thl') 

utiliz:c;tion of the modified test-tubr, fil ter·-pHper 

cultivFltion (~lTflC) method DS developed by Hsieh (1971). 
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Test ,tubes (18mm. X 180mm.) I'!ere tC),l'cen ,md adhesiv8 tape 

V18S put on the upper portion of e,J,ch ;:,bout five centimeters 

from the top. To e,;,c11 tube Cl.bout 10 ml. of distilled \'I[lter 

W8.S odded Clnu the tubes ;,Jere placed in test ·tube racks. Old 

ne':lspapers Here sprecod on the lL,boratory bench top. JJengthl'lise 

crease was m,'de in filter pClper strips and lc'id on the old 

newspapers. vii th \'Iooden ;.\pplic8tord About 0.1 g. of faeces 

was smeDred ,from a, pOEJi ti ve stool Hample on 8 filter pa,per 

leaving about '+ cm. at the left end of the filter paper un­

smeared. The f,,\ec(,l Hmear \'I,c,S spread as thin as pos8i ble. 

Undigested fibres or seeds were removed from the smears. The 

smeAred strip \'laS inserted into the test tube, by '1;he aide of 

the unsmeured portion, ",nd pushed into the w8ter to nearly 

re,"ch the bottom of the tube, !}ncl it Vias ensured that the 

faec,;l sroeer did. not touch the we,ter. The top of the test .. tube 

\'/,J,S covered with a piece of cellophane 8m't fixed in pld,ce 

tightly VIi th F.l rubber ban(L Sever;,l minute holes were made 

in the celloph8ne sheet \'rith .] dissecting nendle. A serial 

number corresponding to the number of the stool sample und,r 

cul ture \'las lFecordDcl on the adhestve tope. The test-tube "/I3.S 

then kept ot 24 ,- 29°0 for at least seven days. 

At the end of G~,ven days, the cellophane COV8r 118S 

removed and disc;~rded \'Ii th caution. Distilled \'Iu,ter was 

added to the teste-tube until the vwter level reached above 

the top of the filter paper strip. After obout five hourn, 
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the filter p.Jper strip was removed \'Ii th .forceps , 

and dinc.c,rded. ~lhe snpern2.tc l nt Vic'.S then dr.own off using 

pipettos until the w,c'.ter level reached about 25 mm. f:r.om the 

bottom. The test·tube WZIS sh"ken Jnd the SuspfJllsion rclpidly 

tr?nsferred to numbered 15 mI. centrifuge tub0s and the larvae 

concentrated by centrifugation for two minutes. 1'he super­

nat2nt \"laB c,:,r0fully pipetted oLf from the surface dOlin, 

leDving about 3 mI. of water rem'Jining at the conical bottom. 

A drop of the Dobell ,:'nd O'Connor's solution I'lo.S ,'.ddr"d 

to the'll; tel.' in the centr'ifuge tube. Immedic1tely the whole 

sediment Vias transferred AS a drop to c, slide, covered \Vi. th 

a \>lide covf]r-gluss aDd eXDminod for the presence of l,?rv2e 

under low m(lgnificetion. 

3.5. ID~NTU'IC[lTIUN or TJARVtill FROM CULTUl1E 

The following key 'lIaS utilized to differentLJte larvae 

of Au duo.dep~'.le. anel N. Rln.~ri..capu,s (\'IHO, 1963; Hsh,h, 1971; 

WHO, 19W1). 

8.. Oesoph<\goUfo about one-fourth the length of body of a 

she,C).thed la.rve. Body Lmgth about 500 - 600 1'( , and sheath 

length '3bout 6601'l; she"th conspicuously stri,c,ted, more 

cle;c:rly obst'lrved "round the tDil portion of the body; mouth 

'spee.rs' appear d,:rk, anterior end of body (not the she2th) 

rounded, like the small end of a hen'l3 egg; anterior portion 

of intostine as wide <.s oesophcl.gec,l bulb; tail end sh2rply 

pointed (i!'ig. 2.),,.,.,.,,",.,.", .. , u,.· '" "0",.,," N. p,mE'!'£~.2.;ll1~ 
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b. Oesophdgous about one~·fourth the length oi body or a 

she~thed l"rv,~. Body length "bout 600 - 70Cl}{ , :c:nd sher"th 

length about 720fl; she2th less cle~rly stri~ted, mouth 

'spears' less conspicuous; onterior end of body (not the 

she"th) blunt l ' ,.', inte,stin8 nrro','er in 

dL,met8r than the olOsophage,'l bulb; t",il end blunted 

~ C V D g ~ L ~ _ •. _ ~ 0 0 0 

c. OccDsion,:,lly infective ls,rvae were found exshe"thed. '1'he 

"d l' , h'd tb 1 d d presence 0" ar\: moux -spears an ~e nsrrOH. y,-roun e 

ms.gnificntion of the microscope used \'las X 100 (10 X 10 mm.) 

s.nd occ".sionc:,lly the high pouer objective WE'S also used. 

3.6. N;'PHOD or DATA ANA1~YLIU 

Cl.. Thi.; data was cla.ssified and presented in tdbles (3nd figures .. 

b. The determinants o.r the di,cjtribution of perclsi tes in this 

study were climte/altitude, sex .Jnd age. Initilllly simple 

linear correlation was estimated to see the degree of 

a.BsocL'tion bet\'leen the pcrasites under Gtudy and the (,bove 

d;yterminc'nts. 'Che ones Vii th signific'1nt results ,,,ere 

identified and whenever possible: a multiple regression equation, 

involving more them ono determinant, was calculated. 

c. Bt3.tisticel tests were employed to see which of the 

pnrasi tes Wc),S more prevCi,lent in ea,ch of th8 regions. Moreover, 

a comp,lrati ve study Vias me.de betlleen the tvlO regionG on 

the prevalence of [) parasite. The mnthod of comparison \'laS 
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the st,~'nd,:lrdized norm,11 (Z) st,cl.tictic. 

d. V"lriation of the p,)rZtSitUl by climate/ell ti tude in Gach 

o.f the rc'gions W2S c:.nalysed using the tJ st,tistic. 



4. H E S U L T S 

4.1. PHOPOHTIQjlL OJ:' PUPIL" INFLCT);;)) AND HOOK·JOHM 

SP,';OIE8 

Altogether 3239 (1827 males dnd 1lj·12 felU.'Iles) school­

children l'Iere examined in 31 schools. O:f these 20.'13<1' were 

infected l'Ii th hookllOrm. In 13 of these schools, 20°1 or more 

of those examined I'fere posi ti ve and in clUother '13 schools, 

the infection r;,te ranged from 1,33'" to 19.33"'. 8chool~ 

children eX.J.mined in the rem~lining five flchools were negative. 

Of the total hoolworm··infected indi vidUc'.lH 58.9'" were males 

and 41.19/ \'Iere females. 

Vlhen consid.';ring the hlO regions indCJpendontly, of 1414 

(739 lllJles a.nd 675 fem,cles) schoolchildren examined in Gondar 

Region 22. 7Q1 were .found posi ti ve (Table 3). In Gojam Region, 

out of 1825 schoolchildren (1088 males and 737 females) 18.'140 ' 

were posi ti ve (Table 4). 

Necdtor em~c;.'nus "")S found in a very high proportion. 

From the tot81 of 652 hooklwrm infected cases 613 (94.02"') 

(364 moles and 2lj·9 fema.les) harboured N. ~j._can.~. rrhough 

in 15 c.3.ses eggs did not hatch dnd the la.rvae could not be 

identified, ~.ncylostom8. duoden:31o WdS found in very low 

proportion. From ti1e total posi ti ves, the species I,as 

idsntifiod in only 24 cases (3.68"'). It ulso occured as a 

double infection with N. amoric!~ in :m additional six cases. 
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I Area Of Study Elevation 

(m) 

Nefas r~ewcha 3150 

Kossoye 3000 

Kimer Dingaye 3000 

Debarq 2950 

Gassay 2850 

Aykel 2350 -
Dib Bahir 2200 -
Tikil Dinagaye 2100 

Enfraz 2100 

Maksegnt 2050 

Chuahit 2050 

t2~izaba 2050 

I-tola Deba 1950 

~orgora 1850 

~di Arkai 1700 

Zarema 1200 

Sanja 1200 

l Total 

Table 3 

Hookworm Preualence Without Regard 

To.Species In Gondar Region 

No. Of No. Of Indivi-

Individuals 
Age sex duals Positive 

Examined 
Range (~!) (!? 

" !' 1'.~. 

61 11-26 39/22 - - -
61 8-16 47/14 - - -
50 7-18 30/20 - - -

100 8-20 54/46 4: 2 6 

64 10-18 50/14 2 - 2 

64 8-12 33/21 11 3 14 

70 7-30 40/30 10 :: 15 

101 8-23 49/52 19 23 42 

50 7-30 27/23 - S I 5 

48 10-23 24/24 1 - 1 

72 10-30 40/32 7 , 1 11 

101 7-37 26/75 13 24 37 

87 8-23 34/43 6 - 6 

100 8-33 47/53 2 6 8 

120 8-31 55/65 16 31 47 

145 8-32 81/64 24 23 47 

120 6-20 0/57 48 32 80 

% Positive 

~J~ !' T 

i - - - I 
I - - - , 

- - - , 

7.4 <1.3 . 6.0 

4.0 - 3 . 1 .. 
33.3 9.7 1:1 .!1 

25.0 16.7 21.4 

38.8 44.2 41.6 

- 21.7 10.0 

4..2 - 2.1 

17.5 12.5 15.3 

50.0 32.0 36.S 

17.6 - 6 .. 9 

4.3 11. 3 8.0 

2-9.1 "7.6 39.2 

29.F 35.9 32. 4~ 
-

76.2 ::6.1 66.7 

1414 739/67 163 115B __ L~21~_~~123.4 22.7 



Table 4 

Hookworm Prevalence Without Reqard 

To Species In Gojam Region 

~ 

i Elevation of Invivi- Sex 
No. of Indivi-

I Area Of Study No. Age 
" Positive , 

(m) 
Range 

(!!/F) 
duals Positive 

I d-uals Examined 

M F T ~ F T 

Telama 2550 100 7-25 49/51 - - - - - -
Betechena 2550 100 7-18 47/53 - - - - - -
!·iota 2450 10C 7-19 51/1l9 - <1 4 - B.2 <>.0 

Amanuel 2400 70 10-12 52/18 6 4 10 1105 22.2 5.7 I 

Tilili 22100 150 9-19 94/56 2 - 2 2.1 - 1.3 

Dangela 2150 150 10-28 81/69 18 15 33 22.2 21.7 
I 

22.0 i 

Dembecha 2100 100 6-12 63/37 12 4 16 19.1 10.8 15.0 I 
Bnre 2100 150 8-14 74/76 13 16 29 17.6 ?1. 1 19.3 , 

!'lerawi 2050 150 10-18 109/41 30 5 35 27.5 12.2 23.3 1 

Dur Bete 2000 150 8-16 81/69 25 13 38 30.9 18.8 
I 

25.3 . 

Wetet Abay 1900 150 7-19 10S/45 38 6 44 36.2 13.3 29.3 

Fenote Selam 1900 205 ·9-2.:1 130/75 ~,3 21 64 33.1 28. 31.2 

Bahir Dar 1800 100 8-20 50/50 8 4 12 Hi. '1 8 12.0 

Chagni I 1650 150 7-15 102/4P. ?r 
~ .. o 18 44 25.5 ~7.5 29.3 

1 Total 1825 ~a8/737 211 110 331 20.3 14.9 18.1 
- --- - -

l-_____ 

-.t 



All le,rv;)e vJere id'mti.fied as 1'1". amcoricanus in Goj8m 

Rcogion while 92.52'" (297) hook;'lorm~infGct8d c,oses h8.rboured 

!:'!. ,8.m8£.LcaD:..q.'3, in Gonclar Hegion. In contrilst, 7 .L~80I (24) 

Cases were fOtID,l to haxbour 1'::. duodon,~l~ in Gondar R0gion. 

:&'rom th0 tot,)l sampled popuL.ltiona in Gond2r Rclfjion, 297 

(21.0 01 ) h,".rbour0d .~. i'me",icc·'1l.u~s. (Table 5), while 1'::. duocl~f)nj~le 

VJClS recovered from 1.7 01 (To.ble 6). In Gojc'.m Region 17.3 01 

of the tote.l sampled lJopulation had N. a.meric.':muE, (Tshle 7). 

In an attempt to identify the determinD.nts of pr0v;,lence 

of the species multiple lineo,r regressi.on cmalysi,s WiIS 

l'lerformed. The regression equations were estim,c,ted to be: 

y = 0.7313 .- O. 0004'!X1 + 

(0.000065) 

y = 0.2346 -. O.000286X1 
(0.000062) 

0.2485X2 

(0.0454) 

+ 0.0335X2 

(0.0262) 

, 

(~ecc\to~ ~mGri~~nu2 in Gojom Rsgion) 

I:lhere; 

2 R 

Y = Proportion of sampled C0seB with positive results 

X1 = Elevation in metres 

X 2 = Sex rc·tio (mele/female) 

(Values in parenthesis ure st:.md<lrd errors. Level of 

significance is 95~) 



1'.rea Of Stud;. 

Nefas !1c..;ha 

F.CSSCYE" -
Kirner Dingay" c 

'Debarq --
Gassay 

Z'ykel 

. Dib Ba:!:li!: 

Tikil Dinaga, 

Enfraz 

~:aksegnt 

Chuahit 

I Eizaba 

I ~Cla ue;:-
. >.:I'orgara 

cidi Arka..i. 

Zarema 

S'anja 
f. 
~ lIvcal 
i 

e 

I 

Table 5 

Prevalence of Necator Americanus (Na) 

In Gcndar Region 

Elevation 
. No. of Indivi- Age Sex No. of Indivi-

(rn ) duals Examined Range (!;jF) duals With Na 

v .. F T 

3150 61 11-26 39/22 - - -
3000 61 8-16 47/14 - - -
3000 50 7-18 30/20 - - -
2950 100 8-20 51/"-6 4 2 6 

2850 64 10-18 I 50/14 2 - 2 

2350 6"- 8-12 33/21 11 3 1"-

2200 70 7-30 40/30 10 2 12 

2100 101 8-23 49/52 19 23 42 

2100 50 7-30 27/23 - 4 4 

2050 48 10-23 I 24/24 1 - 1 

2050 72 10-30 40/32 7 4 11 

2050 101 7-37 26/75 10 18 28 

1950 87 8-23 34/43 6 - 6 

1850 100 8-33 47/53 2 6 8 

1700 120 8-31 55/65 12 30 42 

1200 145 8-32 81/64 24 23 47 

1200 120 6-20 63/57 45 29 74 

_.-1_ --=-414 ____ L 739/675 153 144 297 

I 
% Nith Na 

I 
M F T 

- - - . 

- - -
- - -

7.4 4.3 6.0 

Ll.O - 3. 1 

33.3 1"-.3 I 21.9 

25.0 6.7 17. 1 
I 

38.8 44.4 41.6 

- 17.4 8.0 

4.2 - 2.1 

17.5 12.5 15.3 

38.5 24.0 27,7 

17.6 - 6.9 

4.3 11. 3 8.0 

21.8 46.2 35.0 

29.6 35.9 32.4 

71. '" 50.9 61.7 

20."7 21.3 21.0 
-- ~-------- -_ .. - ----_.. -

-'" \Jl 
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Area Of Studj; 

:t"efas l·levcha 

Kossoye 

Kirner ri.n-j~~ 

Debarq 

Gassa~l 

~yekel -
Dib E,ahir 

Tikil Dingaye 

En£'raz 

,~aksegnt 

'Chuahit ---
Hizaba ,--
K()la Del- a 

Gorg-ora 

Adi P~rka= 

Zarema 

Sanja 
t Total ; , 

Table 6 

Prevalence Of Ancylostoma Duodenale (Ad) In Gondar Region 

Elevation No. Of 

Individuale 
Age Sex No. of Indivi-

(N) 
Range (M) (F) duals With Ad 

% With Ad. 
Examined 

g F T " .', F 

3150 61 11-26 39/22 - - - I - -
3000 61 8-16 47/11 - - - - -
3000 50 7-18 30/20 - - - - -
2950 100 8-20 5-1/46 - - - - -
2850 64 10-18 50/14 - - - - -
2350 64 8-12 33/21 - - - - -
2200 70 7-30 40/3.0 - 3 3 - 10.0 

21QO 101 8-23 49/52 - - - - -
2100 SO 7-30 27-23 - 1 1 - 4.3 

2050 48 10-23 24/24 - I - - - -
2050 .72 1- 0 - 39 40/32 - - - - -
2050 101 7-37 26/75 3 6 9 11.5 .12.0 

1950 87 8-23 34/43 - - - - -
1850 100 8-33 47/53 - - - - -
1700 120 8-3,1 55/65 4 1 5 7.3 7.7 

1200 145 8-32 81/64 - - - - -
1200 120 ' 6-20 63/57 3 3 6 4.8 5.3 

1414 739/675 10 114 24 1.4 2. 1 

T 

-
-
-
-
-
-

4.3 

-
2.0 

-
-

8.9 

-
-

4.2 

-
5.0 

1.7 

i 
I 

-i=' 
(J'I 
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Table 7 

Prevalence Of Necator americanus (!'Ia) In Gojam Region 

Elevation No. of No. of Indivi-
Area of Study 

Individuals l'.ge Sex 
duals 'vi th l~a (m) 

Examined Range (l!) (F) 
1-'1 F m 

" 
Telema 2550 100 7-25 49/51 - - -
Betechena 2550 100 7-18 74/53 - - - I 

~!ota 2450 100 7-19 51/19 - '" 
4 

I Amanvel 2400 70 10-18 52/18 6 4 10 i 
Tilili 2400 150 9-19 84/56 I 2 2 I -

Dangela 2150 150 10-28 81/69 16 15 31 I 

DeI:lbecha 2100 100 6-12 63/37 12 4 16 

Bure 2100 150 8-14 74/76 11 15 26 i 
I 

~,!erawi 2050 150 10-18 109/41 28 5 33 

Dur Bete 200 150 8-16 81/69 25 12 37 1 
I 

\'1etet Abay 1900 150 7-19 105/45 37 6 43 i 
'Feno-ce Selao 1900 205 R-24 130/75 40 20 60 

Bahirdar 1800 100 8-20 
I 

SO/50 8 ~, 12 I I 

Chagni 1650 ! 150 7-15 102/48 26 16 42 

Total 1825 11088/737 :-'1 105 316 j 
I 

% lj~ith Na. 

~~ F T 

- - -
- - -
-I 8.2 4.0 

11.5 22.2 5.7 

2. 1 - 1..3 

19.8\ 21.7 ?0.7 

19.1 10.8 16.0 
I 

1~ .• 9 19.7 17.3 

25 _7 12.2 1 22 • 0 

30.9 17.4 24.7 

35.2 13.3 28.7 

30.8 26.7 29.3 

16. I) 8.0 12.0 

25.5 33.3 28.0 

19.1 14.2 17.3 

..j:o­
-..J 
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In GondD.r Hr;e;ion elevation and sex ratio \lej7e :found to 

be significdnt. This impli(;s i:l neg"ti ve reVJ.tionship 

to ~e more prevalent '·mong mDles th,Jn feme-les. On the oth0r 

hlmd, in Goj.c:m Region elev;,tion VicC1S found to be significant 

while sex rdtio wes not. In both regions age \'laS not found 

to be correlated with infection r,·lte. 

A simple corrsl"tion coefficient between incidence of 

attCl.ck on the one hand end climate/al ti tude, age and sex on 

the pther, gave the results noted in the sc,·,tter-dii.Jgrams 

An ettempt was mede to see the vc1rL,tion of the two 

species by c'ltitude. This waB 8nalysed for eG.ch of the 

species and for both put together. :D'urther cl.3ssificE'tion 

was o.lso made by region. Our ini ti.,l hypothesis Vias that 

the incidenco of the tllO species does not very \'lith f),l ti tude 

in e3ch of the regions. Ba8ed on this ;)ssumT)tion, a st;mdard 

normal test on the difference bet'·leen a p.?ir of proportionfJ 

~las applied. '1'he formula used was: 

r--P1
:'.1 . 

~~ 

P2 Q2 
1 

+ '2" 
~~.-~ 

n rl n2 
j 
1_- ,------, 
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where; 

1-'1' :e2 is the proportion of cases pOf3iti ve in any two 

altitudinal regions in Gondar and Gojam, respectively 

Q1' Q2 is the complement of P~l and P2' respectively 

n1' n2 is the sample size for Gondar and Gojam used for 

estimating proportionfl. 

Table 8 SI101'IS the proportioDl3 of posi ti vo CFises in e,l.ch 

dreD. ,nd 01 titudinal region. T''lblo 9 sho\·,'s the vDlue of the 

Z; st8.ti:';tic on the difference bet\-Ieen tuo pr:opo:..,tionG. The 

resnl ts o.f Toblo 9 fluggest thnt there is signific;mt di.fi'erence 

in the incidence of the pc'r2si tp,s \'Ihen cLwsi.fied by ul':;i tude, 

The only exccption was the incidence of ~.' 2-_uod.<-'E.f;}e bet\-leen 

tempordte .. md 10\'ll,.,nd arei!.S for Gondar Rogion. The lE'tter 

did not sho., signLfic;'nt differenee. The conclur1ion is thus 

the incidence vnri's inversely with B.ltitude, Le., 8S 'vIe go 

higher \'Ie get .fe"ler proportion o.f C3ses, 



'-

'l'~<.bI8 8 

ProPSl.':L'tj.}:->.1); of C'::.~s. Po.si ti va. Jor:. ,the . 

. '1'1;/0. r~kt).C~~~'s 01: Hool~.\J.oi·mL !"r.FanJ~cC!. E..l 

AI:t;),tu2:~. ~'}l~ ~.':'.gion 

CVcllue in p!1ronthesis is the s.mple 
size; Na = Nec::ltor cm8ric,}nu~~ 

----..~~-~ ~~--.""'~"~- .~, 

Ad = ~p_~llostoJn, !iu,o§':'.11.-.)8 ) 

Al ti tudin,)l Region 

56 

Region Gond;-r Goja.rn 

Ad Na+Ad No. 

iligh1and 002 0 002 0 

(336) (336) (336) (200) 
-'~-~.-~- ~.-----'~-~--.---~---~~ -.~~--.-~ -----~ - -.-.-~ -.-~.-~-- . .. . .- .-'., .--

Tem-perate -en 
OLf- 003 025 .16 

(506) (506) (506) ( .;3'1i~) 
·r····;'·., 

~--.~~-.->-.-~ .~-.-- -~~~~-.~--- ~~ -~ ..... - ~. ~>.-~. . - ... -. -~. --.~----. -~. 

·C,oHl.nd • YI u02 .33 .27 

(572) (572) (572) (755) 

Ad Na-:Ac 

-.~~ .-.-

.- . . 

o 

(200 
._ 0"' 

.1 

c,g,! 

._-
• 

(75 
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the '1";2. >pe~:i,."£l. of HOC:\\lo~.rg 

(Na ~ g . .:;:.mer}:_~cE.ll~.; Ad ~ A. dll.od(m_c~!."J 

compcriuon of Hegion 

GondC1r Gojcm 

region '-'-~-I-'-'-'--"" .. _- , ........ 
Na Ad Na.·I·Ad No. Ad Nd.-:·Acl 

Highli:ncl VB 

Temper,c·te 

HighL'ncl VB 

Loulcnd 

'i!emperc'.te Y!~ 

20.00 _ 3. 6br" 'i 5_. ' ,,'1" 
13.57 ;.34 r.',,-__ '5'(j6 ._ ... '5._06_ 

JJouLmcl 3.29 0.71* 2.98 5.09 - J 5.09 

.~~.~~ ~--.~.~--.--~--- -,--" --~ ~.~~~.-.-~-.. -' -.---~ ... -~~~-~~.-.- ... ~ ____ ~I.- ... ~ ___ . ~~. __ ._.~~ 

,;, Not sie;nific'Jnt result. 
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_1 

It- .. L~ 0 V>. HI :lTIOn 0-:-'\ P idlr'\LiIT_l~B H"'.:':[l ,J:~EN r[:~GI ON, ... 

Ta.ble ~o 8hoVis the pl'oportion of positive c;wca in edch 

region ".long '·Iith. the 'l, staticd;ic betifeen t"JO p:coportionG. 

the Z statL3tic 

" ,,-

Hegion Bpccies 

Na Ad Na -{- Ad 

Gonda.r 0.21 0.02 0.23 
.". ':,,; 

f~a.ble 10 sUQ;gests that the j)8T .. ,.si tes [.)re more prev,~lent 

in Gondar th:·n in GOjiJill R8gion. One m".y h::ve to do furth8r 

rese .. 'rch on the higher prev21ence of the pClrusi tes in Gondar 

thi:n in Gojc;m. 
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4.5. HWPORTJON OJ? CHIGDRJ';N 1t1I'r.n HOOKI'!ORI1 'IIITH/ 

';JI'l'lIOU'r HEGAtW ~ro BPECIEf., IN 1'FlREE DI2J,';£BENT 

ilL'rB'UDINAL lfti:GION8 

Table 11 shmls the proportion oX schoolchildren Vii th 

hookworm (without regard to species) in three different 

altitudinal regions and the proportion of children \'lith pure 

and mixed infections of li . .amer2:.,?sn.ll_B. and 1'::.. duo_<!enale in the 

three different altitudinal regions is indicated in 'rable 12. 

'rable 11 

l'EQP.9ytion .9.f 9hJJj.r31~ YlLtJ:lY.9_0.1~'.~:r::m. 

C.0-:!>hout rega.rcl .to s'pecX(Jp!.)~ in. Thret3. 

Hegion 

HighL"ncl 536 1.49 

Temperdte 13'76 18.46 

Lm·rlancl 1327 
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Table 12 
-~-~-~. ~-

l'..I:QDm:.ti..Q11 .Qf Children \'Ii t),l. 8inr:,1.e :'In_~ !,fix~ 

Infections of No iJr~~r..i.£.L'~V2.C. ,cJncl flo duodopale 

in Tl~~_ Diffi.:z::~nt. L<.lej tD..din.::<.:L. R''.€£.CJ.!lS 

(Na ~ No ilmer'ic"nus; Ad ~ A. <luodenal'J) 
- -~-~-.---~-~-~ --=- --~. --~. 

Infections HighLmd (5'36)'" Temperate(1376) 

proportions proportions 

pOGitive (0/) pOBi ti vc! (01) 

proportions 

posi ti vc (r) 

Na only 1.4-9 17.00 27.95 

Ad only 0.94 0.83 

Acl \'lhen 
17.95 28.71 

\'lith Nu , 
L......._ ,~._, __ .... __ .. 0 •• 

The nUlllbers !ilf children exze.mined in eDch al ti tUdinal 

region are shown in parenthesis. 

As shovm in T,gble 11 and 12, the proportion of children 

infected. by hoo]n/Orms is highest in the lO\'llana.fJ (29.39"') 

follolred by the temperate regions (18.4-6 0/
). The highest 

infection by N. americcJnus is founel in the lOHLmds (27.95"') 

follmJed by the temperdte are«s (17.00~'). Infection due to 

this parasite; is also found in the highlends, though uncommonly 

(1.'+9"'), contr"ry to wh.ct h,:·s heen indiceted in the Ii tera.ture. 
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Burnrisingly enough, infection by A, duodenale is ,::l.so 
..L ~~ _ _. 

creeping into the lowlands, In the lou1ends ;,'.nd in tho hlo 

other ,,1 ti tuclin. 1 regions, the prev 11(mcG of hookworm 

infection dmong schoolchildren is I)).'.inly c<ccounted by 

!J. ' Q.;1JlEl ELc:::.n u.? • 
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5. DIS C U S S I 0 IT AND CON C L U 8 ION 

Among the c'pecific objectives of thiE study 'Jere to m.:.ke 

n surv·.y for .~n ;:ceur:.tcl and r·.lii?b10 estim,,,te of thlo infection 

in defined al ti tl~dini-,l '3.redS of the tHO regions, to help the 

physicLlns of the re[C;ions l;:nol! the idcmti ty of th0 rnof3t 

import'nt C,cruse of hook'orm dise,~.se a.nei thereby help them 

control it snd to help L y the foundA.tion for c., thorough 

investig.~tion in otber regions of' the cOlmtJ7. 

It is true th .. t school '-'.ge groups do not rc)present all 

the 2.ge groups in co community. In spite of this rc,striction, 

mdny studies use this p:,,l'a.m(;' ter to infer community prevalence 

of intestin".l p,'.,l',' sites (Lemma et ,;1. 1968 j D2soui tz and 

\,iebeng;;, 1975). 'l'his study Uf'od schoolchildren as its s2.mple 

population bec.·use the schoolchildren sh·.-re the Si'me environ-­

ment,~l coneti tiona common to ::.11 age groups in the community. 

In addition, the sample popul.;tion he'S :.,lso included the ,).[~e 

G ·-20 yrs. grou.p which shous the high()st p,revc;lonce of 

intestin:' 1 pJ.rC.'si tes in communi i;y studies (De Bei, 1955; Ricci, 

1956) • 

M;!ny investigc.tors h,'ve r:nalysed the eff8ct ot 21 ti tude 

in the distribution of hoolciorm infection. \'Iatbon et 0.1-
--~ 

('i956) indic.ted th:;t incre.-sing "ltitud<, cccuGed a diminishing 

incid. -,nce of hookliorm. VJ::mg (1965) found_ d significa.nt 

difference bet'.-een children living in highl;,nclH "end those 

in 10llL,nds (6G.801 cnd 95°1 infections, respectively). 
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Diesfelcl ('1969) noted that the incidence of hookworm 

d cre,~sed with rising ,11 ti tude. Diel3feld (1970) has elso 

reported thi,-t snread of hooblorlll occurs most reD.dily in 101'1-

lying moist BTeas. Kelly ,,'nd Ga.ravusi (1974·) indicClted 8. high 

incidence of hoolcvorm infection in mountoinous r8gionl3. 

Ebr2.hirnz,'deh (1974 )founcl hook\lorm to be predomimmt in areas 

I,d. th warm, humid ,mel ocecmic clim2to. 

bimilar resul tB h,we been obtc'.im;d in thir3 study. In 

eXi.'.;nining ., 3' 7 schoolchildren f:COIll 10 loc,-,li tics in 10Hl<'nd 

are 113 , over~1)ll infection rutes of 29. 39~1 hooklJorm \lore 

revealed. In 1376 schoolchildren from 14 loc"lities studied 

in temper;:'.te CTeas over-all infection rates of '18.46 hooklvorm 

\Iere demonstru.tod, Dnd in 536 pupils from 7 localities oJ 

highl end arei'S 1.401 of the children were sho~m to be hookvlOrm·· 

infected. St"tisticdl i'l1,~lyU1S hC}s indicated £en inverse 

rcl"tiol1f3hip between incidence of infection and altitudinal 

region. '1'hi8 IW'y be rel:::.ted to the absence of \'Idrm and moist 

environmentc;l coneli tiona. necessi1ry for the devolopment of 

the L).rv."e. Sven,;Gon (1956) h"n imlici1ted t11.".t high 

8.1 ti tudos o.nc1 dryness prevont devolopment of imme:ture IF)lminthf3 

to the infectioUfJ st -'go outside the host elsel'There, ,mel the 

SE,rne opinion is expressed by Chendler clnd Read (196"1). 

The prev, lence r8te 01' hoolworm \'las found to be highe:c in 

GondaI' Hegion tk'n in GOj;;,m He[!;ion. HOllevflr, both regionl3 

enjoy simiLl.l' clim"tic condtton8 ,'nd other hurn;:'.l1 f~·,.ctor8 
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such 8S occupc'.tion, ugricul tur.e]1 pr<lctices, defec"tion 

behilviour snd food h bits, vlhich m<)ke them equally 

vulunerable for hookllOrm infGction. This difference in 

prev,).lence r0tes needs further investigltion. 

Varidtion in 10CD.l ,nd micro··environrnent m,lY inflw')llce 

hoolc\iorm intensity ::md infection rD.to. Thus an infoction 

r<:<.te of 41.6n' pr1)Vl;iled et 'L'ikil Dings.yo ,It <'m :Clltitude of 

2100m. in GondDr Region fmct 19.3''' infection rate flt Bur" at 

tho Sienne c.' 1 ti tude in Goj~:m B"gion. 

Ec:rli0r reports (8ch;;11er and Kuls, 197~n indic,<ted tlwt 

,}ncyloicltomi.:<sis is 0 serious ho"lth problnrn in "lmost ".11 

Ethiopirn provinces in pl!;ces up to 1800m. IJater McConnc311 

and Arm:3trong (1976) hi.lve indicated the,t hOO\(\<IO:C'Dl infections 

1<Iere numerous betlcleen Debre ~brlcos .mc\ Axum at 01 titudes 

beh/een 1300.2100m., oncl 10\1 infection rilte8 \>Iere encountered 

D.t Ilell belo" 2200m. i3.10ng the eastern edge of the plateau. 

in our study, however, eontr"xy to what h:,< s been indicated 

hool;:\,lorm infection hi'S been obtainnd at \<lel1 over 2200m. 

streching up to 2500m. 

According to Sadun ('1955), pr',valence of intostin"l 

p<~rF,siti;jm shovled <~n increase up to tho ,~ges of 10 -. -14 c'nel 

8. remcl.rk8ble deereDse after "'ge 30. Hinz (1967) concluded 

th3.t ages G··. ',2 sho\'! the highest prev.:llonce rdte. Beever ot 

a~_" (1952) st."te that in huma.n hoollvorm infeetion8 the 

maximum incicl('nce occurs sorne1'Jhere bet',18en tho 3ges '15 .. 25. 
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Duncdn (1978) found hookworm to be evenly distri.. buted cl.mong the 

different .)ge grouprc,. This study, however, revea.led that there 

\'las no signifioDnt 2.ge dif:("lrence in the provcJlonce oJ' hook-

Vlorms. 

There is no consistent evid:mco to indic,tt;e tho.t there 

a diff8rence in susceptibility to helminthic infections 

behi8en the sexes in m.C.n. Sc:dun (1955) inclicated that the 

.; <:' 
k" 

infection rote in malr"s vias significi1ntly hig'cbr them in femalrBs 

from the a.ges of '10 yrs. oDV18rd,'; for hoohiOrm. The infection 

higher in femc'les th"n in malos. The reSl'lts of thi.s study 

VIas supported by Hinz ('1967) .mel f'lolineau.x (1967). 'l'hese 

studins ().cttwlly indicEcte not a sex differnnce £2,£ so but the 

outcome of sex~reL.,tecl occupationDl difforencos. In our 

study, however, significcnt sex-related differences vIas 

obtAined in Gonda.r Region only. Infection \'Iith hooblox'm Wl.S 

more prev"lent in m.i·les than in f(lmD.les. 

N, aIDertc'll.lls was first reported (li'erro·-Luzzi, 194-9; 

30fLl, 191~'9) in the n"tivcos of the Eritre~)n highlD.nds Dnd 

D'IgniJ.zio Emd Hir" (194-9) revedled the presence of A. duode~n.:'~lfl.. 

Lc~ter Armstrong ;md Chme (1975) indicc:ted the presence of 

The cul ti viltion technique used in this study proved the 

existence of both A. dllod'.l.l!:';le ,mel l~. ~fl.~i_<?.o;.rl.Us, infection 

in GondD.r Region, ','li th the L'.tter spec"les occuring 8.bout 13 
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times more freqUEmtly th2.n the formHr. Only !'!. ".noriconus ....... ~~~--------... 
infection VIPS .found in Goji;m l:i.egion. Bimilnr putterns of 

difforentiCll existence of' infection by the tl'lO specios 

hdve been encountered elfJ8\vhere. 

De C2.rneri (197''1-) indicated thc'-!; !:'l.. ~n~.:r:'i~~'E..ll!l. prevails 

over A. duochnCl.lc in the t8rri tory stretching f'rom northern 

Dortugal to northorn It,'!.ly, through northern f~urkey end Soviet , 

Tral1scaucasL" rir;ht into north()rn Ir,:;no According to CnnefJe 

and Canese (1976), in Pc'rc'gu~,y, in the eust of the country 

\'IeDt it ';1.'1S 1 : 16.5 and over the whole country it VIas '1 : 25.6. 

:U'urthormoro, l'{. JJl).QJ:il'<.imus has been oho\'ln' to be the prominent 

species'" .in El Lalvc',dor (Bloch c.nel Huiz, 1966), Singapore 

(Lj,lmc,n:nd IJoh, '1974.), Mexico (Cho.con!3t c·l. 1975), and the 

fjhillipines (Cerney ,E?t c1 1,. '19f'.0). Fr,'nz .e.t nl. (1964-). 

sturrock ('1966), n.3kb)r (1969), ['liller (1970), Ricciardi 

(197l j.) imel Oyerinde ('1978) hdve 2];JO indic;".ted n. !:tEl~.ic<)n'l[l. 

to outnumber /':.. 2Y.9.dg.l1..Cllr, in vv.rious parts of Africa .• 

The preponderc1l1ce of /':.. duod."'P.-':lo, over N. ameriCo;.~nU8 

previ'lent th.'n }~. americ-,-!E..us (Hsieh et ,,,1. '1965). In Korea, 

Choi .et ,,1. ('1973) reported thDt culture oJ 1G3 stool 

specimens yiAlded only 1". duodenale-.. In m,my p,'lrts oJ IndiG. 

the preponderance of A. £~5lElE-"le over RI. ollJ..e,:q.ic.dnm\ hus beGn 
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indic"'.ted by Ba.h'nclo.ri D.nd 8hrimc:li (~1969). In Af:eic2" 

though not '9redominnting, the occurrence of A. d~od[Jn,:Je 

hGS br~8n roported by Hsieh et ,,1. (197?) in Liberi8, Rep and 

Bh;~l),' (1976) in Tmz;mi;" Huys .et ," 1. C1976) in Rw.md,~ and 

Cohert .et gl. ('1978) in lCinshns.1 .• 

,:('he findings of invr)fltigC'.tion8 on the differentL.,l 

distribution of the hooblOrm species of mt.n reviewed so far 

try to reLd;e the difference to clim,·tic, a.l titudin.'I Dnd 

other relf.ted enviJ"onment"l factors in gener,;.l. But in this 

study the regionc)l differences in clim,;.tic fuctors are 

favordblo for \·lide disper~lel of A. d.uocJ..en;',le, but this has 

not occu.r1.'ecl. reemper3turr), r,'infall .·"nd humidity vdry 

somewhat in these regions, but the r.'nge of vC'.rL'.tiol1s in 

these fectors is still within the limits demonstrably 

favorble in other QiJrts of the I/Orlel for endamicity of 

A. duod'me'le (DieBfeld, 1')70; Daniel, 1977). 

A fund."ment.,. f.l.ct in hooL"!orm enclemici ty is thClt soil 

pollution lllc;intclins the life,.cyclo of the parasites. It 

needs to be considered then Hhether, VIi th a gr-merally 

fiworilble climate, the difforonces in tho cc'pi'cii;y of 

Ii. 2l2l.eri,C):?:.ll.1:l.f!. o.ncl A. duo<!-'cI!.;~le, to ffiaintc'in theillsolves and 

spread in different j).~'rts of tho regions may be c:ssociDt8d 

with the chdTc"\cter oJ the 80iln of the regiol1D. 

E18ewhere, Kell'.3r Q.~ .31. ('1940) und0rtook are-survey 

in 8 southern Amcric.'n st."tes of the hooln'Torm situ .. tion in 

the p'Jriod 197,0 ... 38, ex"mini.ng over 4·00,000 persons. They 
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concluded tha.t " '1;fhile thE,re is a. vfide sprea.d distribution of 

hook\JOrm, the areas of highest incidrellce are confined to the 

cOdstDl plain a.nd scmd.y·-soil ureas of each site"" Their 

observ:,tion reL,te to where the infective 8gent iF! N. amoricanlDlS 
----.-~~~--~ ~-~# .. 

and they emphasize a fEvor,~ble roletionship bot\'leen 

De Azvedo (1966) also report that hoolC\~ormG (~ • .E'cl!l.8ri.con.1J.:?) 

were most common in soLls which cont"'ined more org,onic 

matter. 

No compcrable d:JtD. D.re aV,'.iLble for £1:,. duo_den'~.1e • 

.Kim (1965) ond Vin"Y,J.k et "1. (1979) found higher hookworm 

prev;'.lence Ilhere both species are present and \'fhere soils ha.d 

more semel, but did not report any generic predilection. 

hir;h incidence a.nd intensity in all pc'rts of JJiberia, 

reg",rdless of demollfltr,;bly different textur"ll characterstics 

of the soil in di:fferent regions. Instec.d,!:.. duod.c:,nale. W2,S 

founel to be highest in the villa.ges where the pl')rcentiC'.ge of 

sand in the upper surf.),ce iwil Vias 90r' or llie;h8r, or the 

percente;,ge of cl,]y \'l,C!S belo\'I 10q'.Vlhothf)r th0 accompDnyi.ng 

ch,mge in GDlount of organic D1?tter plc,yed a role YldS not cleAr. 

It is obvious th3t differences in the clay, silt, s.and. 

and orgcmic matter of the soil UlCly greatly affect such 

physical properties of the Goil as porosity, aer21tion, moisture 

condi tion, d.e)lf;i ty, etc. These differences doubtless influence 

the diffusion rute of oxygen and cc,rbon dj.oxido into <].n6o from 
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the .soil. Vihen studyinr; helminthiasis one ha.s to toke note 

of these factorG. 

In the regions of this study there ere no reports on 

studies of soil textur8s. This 'tV/a.its the future. 

Perhaps, of gre;-,ter consequence is the be3.ring this study 

m"kes C!v.Jil,;blo in the study of problems of clinical and non­

clinic:'l hook':orm in pre- D.nd pO:3t-· tre,ltment phases, on the 

efficE).cy of drugs and other reli,ted problem.'l. 

As ]i •. ame~jc-,::"Il.1§_ Vias identified in 92.52'" of the hookl-lOrm 

infection in Gondar Region and in 011 C,3ses in Gojam I{egion, 

routine single-dose ther,'py against hook'llorm when fa.ec,:ll 

specimen are not cultured for Inrvdl id·-;utific,e·tion should be 

\'Iith tetrachlorethylene or other drugs active again8t 

!!. 2J.!leric.:mus selectively. \'lEO (1963) reported tetr2.chlor-· 

ethylene h8s been found more selective agDinst Necator species 

than bephenium hydroxynaphthoRte. 

It \'IdS found by this study thD.t there e.re significant 

differences in infection with hookl'fOrm between high ~md loVi 

alti tude "'_reas. Infection vias found to be louer in highluncl 

th,:,n in lovlle.nd areas, thuB suggesting theft climate/a.ltitude 

f"ctors -plhy .:m important role in the transmission. The 

possibility of exploi tinrs the clim;,te/al ti tude J~,JCtwrs in the 

designs for human settlements deserv'c;s consideration if -this 

does not conflict \<Ii th developmental endeavours. 
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