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ABBTRACT

L4 8vool scaples from schoolehildren of 19

“iffsren’ crecs in Gondar Region and 1925 stool samples

Crem wehoolehildren of 14 different areas in Gojam Region
w6 2Xemlned Yo show the prevolence of the human hookworm

wanies. Nzoalor smericeaus and Ancylostoms duodenile.

“he over-all infechion rate with N. americenus and/or

SRR S

e Cuclensle was 20.1%¢,  0Of the infected individusls 58,9¢
were malas and 41,1% were femaleg. MPhe infection rates in

Gendar and Gojam Regions were 22.7% and 18,140, respactively,

ALY lorvee were identified as N, americinus in Gojam

Dectopn while 92,52 and 7.48¢ horboured N. smericanus and

wodendle. respectively, in Gondar Region.

Yhe incid-nce of the species varied inversely with the

The infection rnte among

3L mete /aluitude in both regilons.
13 e schoolcehildren was higher then in females in Gondar
R2gon. In both rezgions age of schoolchildren vas not
Tound Go bhe correlatad with infection.

The vpreportion of children infected by hookworm was
highest in She lowlends { below 2000m. ) ( 29.%9¢) followed

the Hemperate (2000 - 2500m, ) areas (18.46¢).



4. YT NPT R ODUCTIOW

Paregiiie wvorma adviarsely ~ffect the health of humans
in aeny wirrts of the vorld. Wrom the standpoint of their
prevelence, a lorge number of reports provide informetion
on the overzll prevelsznce of intestinal helwinths in the
world but the information veries in repraesentvativeness and

L.

in Sezebniques of investigation. IExperts in their assessnent
of geographic distribution of intestinal porasgitism indicate

a0 uniform distribution; some indicebe a decline in certain
welmpinthic infecitions, ot jers Teport a stotic situation end

3%i11 others show increrses of intestinzl perasivism in
genaral or in zpocific perasites (VHO, 1964).

Recent investigotions in Afzica carried out in Ugonda
(Cadeondl, 1971), Kenya (Winoti, 1971), Central Africqn
Ranublic (Riceisrdi, 1976), Zambis (Hira, 1976) indicate
wizh prevalence rates of inbtestinsl helwinths in genemal,

f

with varying degrees of prevaleance for specific pnrasites.

The preveolenmce of intestinal helminths in Hthiopic is
nct well documented, The avoilable reports are based on
investigetions of certain localitiss and their results can
by ro meens be congidered as epresentafive of the country.

However, verious authors, smong them Lemms ¢t al, (1968 and

|

4979), Duncsn et cl. (1970), Kloos st al. (1972) indicate

a high vprevalence of intestinal porasites in the country.
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Helminthic infections & = whole con be viewed ns

wro7iding 2n index of & community's progress towsrds o
gagirable level of sanitsbtion. buccessiul wenagemsnt of

rriner. pollution wroblems will slimincte cssontially all of

™
4

sheinths ereent trore of the arthropod-transmittad

gy, and the elimination of mosguitoes end other srthropod
vecjors will conbrol the -rthropod- transmitted helminths os
vw2ll. To whotever extant a community f:lls short of having
stteined living stondards based on these degirsble conditions,
helminths «will have an imporbtant besring on the peoples henlth.
It i3 2lso trus, thot high stendords of living depend on high
ceqrnomic productivity, asnd this inturn resquires high lovels

of physical vigour and henlth. Thus the helminths ere
importens to wheatever extent they detract fwom the vigour of

the communihy.

In recent years two hichly importent helminth ¢ dise ses -

acheearsiasis and schistosomiagis — have beaen attacked

paccugh me. sures divected sgoinst their intsrwmediste hosts.
Tt meyr now be vossible to control these disesses, ab least
in communities where vhey constitube major health problems.
Hovever, in many of these areas, and in other areas covering
a large populavion of the world, the most prevalent and mosv
important helminths are those of the soil-transmitted group

(VHO, 1963%),
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Trom the stendpoiat of their over-all prevalonce and

the gaverity of the diseases they cecuse, the most importent

goi l-transmitted h=lminths ore: Ascoris lumbricoides

PO PP TP PSP A

Timaeus, 1758: Trichuris trichiura (Iinnseus, 1771) Stiles,

1001; Hecabor smericonus (Btiles, 1902) Stiles, 190%; and

fnoyiostomz duvodenile (Dubini, 1843) Creplin, 1843. An
additlonal species, less widely distributed and less restricted
to goll transmission, is 5jxgpg319;g§§_gﬁgﬁcoggéiﬁ (Bavey,

48727) Btiles and Hasgell, 1902 (WHO, 1964),

The two hookivorms of humans, Necator americanus and
Ancylostoma duodensle, offten occur sympstricelly over much of
the world, including the Indian subconbtinent, parts of Soubh
trerica, the Fer Kast and Africs (Hoagland and Schad, 1978).
(rver Ghree decodes ago it was estimsted by Stoll (1947) that
A5% millions horboured hookworm in & then global population
N 2,167 milliors. The United Nabtlons estimete for mid 1969
Tow global populztion has been pubt at 35,6710 million and there
‘g no evidence that the hookuorm incidence hag decreased in
the intervel (Hgieh et al. 1971). Applying a siwiler ratio
as Stoll (1947) in mid-1969 there were 760 million people

nfected by hookworm in the world.

2

Hookvyorms ~ffect a large number of people in Ethiopia
(izehaller, 1971). However, only few studies have been made
(Vang, 1965; McConnell and Armstrong, 1976; Armstrong and Chane,

k]

1975) snd these studies are limited in scope. As in many
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developing countriss, Ethiopia suffers from a low stendard
- o k]
of 1living which provides fertile grounds for transmission

of hookvorms, which mey be more common than the available
inform~tion could reveal. The iuwprovements of highways ond

repid shifts of populstion contribute to the dissemination

of the purasites to new cressg, This leasds to aggrsvation of

the problem in the country at large. Regional surveys can
provide sufficient information on the distribution of these
helminths and this may pave the weay for sppropyiete interventionm
mezsures needed for.prevention°

In areas where these two hook.orm specieg occur, they
have often been treated as if they were one spccles, daspito
tne well knoun principle that two species, if btruly sympatric,
szunot be ecologically identical. Practical considerations,
i.e¢., the gre:t similzrity of the stage uged in diagnosis
(the egg) -nd the laboriousness of rezring larvae and
distingushing between them, hove encouraged lumping these
paragites together. Turthermore, except foxr the f:et thet
A. duodenale is considered the more virulent, the two spccies
arce generally thought to provoke the same pathological changes.
This obviously hrs interfered with treatment. Certain drugs
(e.g., bephenium hydroxynephthoate) have 2 selsctive action
on A. duodcnsle while others (€.g., tetrachlorethylene) geem
to be effective against N. americcnus (WHO, 1963). In view

E

of this, combined treatment is employed.



If one properly charzeherizes the hookworm species in
a given region, there is no reason as to why combined
treatment should be sdministered. This will ensure the
choice of drug ond would be economical.

Ethiopia is situated within the tropics, but most of its

people enjoy a temperate climate. HFaust and Russell (1964)

and Belding (1965) indic-te thet only N. americanus oceurs in

Ethiopia, wheress only A. duvodenzle is specifically mentioned
in a few reports, among them, Kubaste (1964), Molineaux (1967),
Duncan et al. (1970) as emsncting from within the country.
These reports are, however, very narrow in scope. Although
inasdequate, The only piece of recent information that deals
-with the identification of hookworm species in Ethiopis is
thot of Armstrong snd Chane (1975). They reveazled a great
preponderance of N. americanus over A. duodenale following
admninistration of gingle doses of bephenium hydroxynaphthoate
To 132 subjects in three localities. waever,—species
determination of the hookworms involved in an infection by
examinotion of worms recoﬁered after trestment has various
shortcomings, besides the fact that more precise information
in recent years hag shown most anthelwminthics opexate without

equal effectiveness against Necator and Ancylostoma. A post-

treatment worm count mey not be a good indication of the

worms present in a given infection,



One of the muin problems in Etvhiopia, as in most
d-veloping nations, is the combinstion of paucity of data
on guch factors as climste and moisbure with the fact that
no adequ:ste =2nslysis of available data have been made to give
2 pleture of the tempor:l and geographical variations of
these fectors, However, Daniel (1979) has characterized the
country es enjoying different altitudinal ranges - alpine
(over 7000m.), tempercte (2300~3000m.), subtropicsl (1500
2300m. ), tropical (800-1500m.)} and desert (less than 800m.).

This has an effect on the prevalence and distribution of

helminkhs.

Various suthors, among them, Demayer et al. (1955),
Pyne et zl. (1956), Diesfeld (1969), Diesfeld (1970) have
indicsted the effects of sltitude on the distribubtion of the
porasites elsewk}ere°

The only information thit de:ls with the relsationship
between 2ltitude (tempersture) and the distribution of
hookvorm in Bthiopis is that of McConnell and Armstrong(1976).
According to them, hookworm infections were numerous bebtween
Debre Markos and Axum 2%t altitudes between 1300-2700m.
They were minim:»1l 2%t the higher altitudes existing between
Addis Ababa and Debre RBerhan to the northeast and the Blue
Nile ‘o the northwest. On the other hand, low infection
rates were also encountered at well belcw 2200m. along the
cagtern edge of the plateau. Though, they did not try to

identify the species, they have also indicated that in
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general the relationship between altitude and the distribution
of hookworm was more marked than with other helminths
encountered during the survey.

It is therefore important that one clearly identifies the

species of hookworm found in the different altitudinal ranies.
The preventive measures to be teken depend on our understanding
the extent of the problem in the different regions of the
country. A study on the prevalence and identification of
nookworms widens the horizon of our understonding and hence
helps develop o rabional basis for appropriate preventive
measurss. A country-wide study could have benefited the
planners mor~ bubt such a study reguires enormous eipenses both
in msnpower and materinsl resources which cre heyond the scope
of this study.

This study is therefore limitzd fto Gondar and Gojom
Regions and tri=s to revesl the prevelence and identity of the
two humsn hookworm species, N, americanus and A. duodensle, in
relation to altitud:, using the modified test-tube filter-

paper cultivation (MTFC) method (Hsieh, 1971),



2o LIMERATURE REVIEVW
2e¢7l.  GENERAT
Ancylostoms duodensle snd Necator americonus sre small
nematodes-found in the upper port of the small intestine and
causing hookvorm digengse. The female Ancylostoms is 10-18mm,
and the female Necebtor 7-1%mm. in length. The moles of both

are somewhatb smziler.

Humsn beings are infected vies the skin or the alimentary
cansl. The eggs contain immature embryos, which in optimunm

conditions cen complete their development in 24 hrs. The

natched larva (rhobditiform larva) lives freely in the soil
and moults twice in the course of 8-10 deys and transformed
into a fileriform larva, the infective stage. Sufficient

moisture (muddy water, demp earth), oxysen and warmth (14°C

to 5700, preferably 27°C) are essential for the developmental
process. The filariform larve 18 sensitive to desgiccation,

direct sunlight and freezing.,

The 1larvae migrate through the skin and enter the lymph
and blood systems and sre carried to The heart and lungs.
The larvae finally reach the upper respiratory system from
which they are swallowed., In the intestine the larvae undergo
the next moult before becom img sexually meture. Approximotely
six weeks are required for the complete developmental cycle

in the humen host (Strong, 1945).



Table 1 summzrizes some of the gimilarities and

differences of the two hookvorm species of man.

Table 1

and Fcological Attributes of 4.

end M. zmericenus (Hoaglend and

Cr s e Py PP
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[y i R
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Toble 1. Continucd.
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i infection
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3
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Table 1. Continued.
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2.2, PREVALLHCE OF HOOK.ORMS
A lerge numbar of reports provide information on the over.

all prevalence of the two hookworm species of man, N. americanus

and. A, duoden.le, in various parts of the world. But it must
pe recognized that the data do not describe tha prevalence in
a truly representative manner; they merely give s rough
indicstion of the situstion in some countries or nparts of
countries, ©HBome of these reports indicate o decline, othzars
indicaste more or less static situation, often in spite of
vigorous efforts to control infection, and in some instances

the infection ret=ng are on the increase (WHQ, 1964),

Lobel et sl. (1968) maude a survey of hookworm infection
in 525 schoolchildren, white and negro in Alabema and found
a prevclence rate of 24,9, Tn a recent survey in & rural
county of Kentucky, USa, Gloor et sl. (1970) found hookworm to
be the most common imbtestinal helminth, in studies made among
students, Another survey in Texas showed 3%¢ of 8000 fusecal

specimens positive for hookiiorm (WHC, 1964).

Hookwoim disease is an important publiw heslth problem
in nearly all Tatin American countries (Bloch and Rivera, 1977).
High prevalence rates have boen reported in Brazil (Vinha
and De Souza Martinsz, 1967); Bouthern Paraguay (Canese et al.
1975, Canese and Canese, 1976); and “ao Paulo (Correa et al.
1979). Similer prevalence rates have also been reported by

Bloch and Ruiz (1966) and Tinero and Merazo (1967) in El



balvador and Venezuels, respectively.

Although hookworm infection used to constitute a diseasse
problem in the mines in Turope, it is evidently no longer
important except in parts of Portugel and Italy. Mengiaefico
(1968) has mude 5 sbatistical study of A. duodenale infection
in the province of Pavio, Italy, and has noted a progressive
diminution of the disesse to the point where it hes slmost
diseppeored, However, De Carneri ond RBissin (1973%) found 153
persons with hookworm eges in their faeces out of 959
agricultursl workers and their fomilies examined in Tusiae,
Ttaly. De Carneri (1974) hag indicoted a high prevalence of

hookworm in Northern Portugsl.

Various reports, among them, Nezarion (1973), Bbrohimzadeh
(1976) =and. Rudenko (1930) give the general impression that in
parts of Yemen, Iran snd Lebsnon hookworm infection ig virtually

absent but that foci of high prevalence may occur.

In Egypt, the over-ell rate of infection in the total
rural population was estimsted at about 10%, during a survey
in the years preceeding the late Thirties, the majority of the
people being fsrm labourers (Bcovt, 1937). In West Pakistan,
the highest hookworm infection rate in all the villages

surveyed wasg 36¢ snd in the Esst the hookworm rate among a

group of selected patients was 28¢ (Aziz and Biddiqui, 1968).

Various aubhors, smong them, Raghavan (1967), Vedyarthi
(1968) and Nawalinski et al. (1978) have reported the prevalence

of hookuorms in different parts of India. In different psris



Th
of Indonesic Agerris lumbricoides, hookworms and Trichuris
trichiurs are the most common helminths encountered (Carnecy
et 1. 1974). Carney et 21.(1974) in & survey conducted in a
sparscly populcted sres in West Sumabre, given over largely to
the cultivation of rice, using %64 poople in four villages
they found a 66¢ infection m»ate for hoolkworm. In Hawaii,
Degowitz and Wiebenga (1975) examined 275 locelly--born school-
children and 115 foreign-born, most of them from the Philippines
or Samon in Oahu., In gensral, theme was & high prevalence of
hookworm infection in the immigrent children, Later Carney
et 8l. (1980) examined intestinel parasites of man in Northern

Philippines and found 719 incidence for hookworm,

In Korea, according to Rho et al. (1968), 11.69 of 155
urban dwellers and 41,69 of 693 persons in rural areas had
hookworms in their faeceg after treatment with bephenium
hydroxynaphthoste. Iater Chol et al, (1973) reported a

prevalence rate of 23.8¢ in the northern part of South Korea.

In Taiwan it is stoted thet hookworm infection is highly
endemic in most rural and sub-urban districts. Hookworm
infection is most prevelent among zdults in all localities
investigrted (Usieh ot al. 1965; Hsieh, 1970). Bargner et al.
(197%) in a perasitologicel survey of the Yaomi aborigines on
Orchid Islznd, Taiwan, found a prevalence rate of 3%3,7¢ for

hookwprnm.
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Tn Jopan, hookworm ¢nd Ascoris are the most prev:lant
helminths encountersd. Ishii (1972), using two different
methods, egtimated the prevalence of hookworm infection in
a region of Bouth Japal and obtained infection rates of 31¢
and 25, Hookworm infection is rasre in city dwellers bhut

gtill common among agriculbursl worksrs,

Hookworms «re wide-gpresd in Africa. Reporbts indic-te
high prevslence rates of hookworm infection in Congo (WHO,
1963 Ripert and Carteret, 1969); Liberis (Franz et al. 1964;
Heieh et 2l. 1972), Zimbabwe (Gelfand and Warburton, 1967),
Ugande (Banwell et 2l. 1967), Ghena (Bakker, 1969), Kenya
(thller, 19703 Pamba, 1980), Togo (Ricciardi, 1974), Tanzania
(Rep and Sheba, 1976), Zimbabwe (MacCabe and Goldsmid, 1976),
zeire Republic (Colaert et al. 1973) and Wigeria (Oyerindi,
1978; Wwosu end Anys, 1980). |

Ancylostomiagis affects a large number of people in
fBthiopia, Various reports indicate various prevalence rates
of the hookworms in different p=rts of the country. In
Gondar hookvorm infection among schoolchildren was 2.1¢
(Wang, 1965), 12.2¢ snd 13¢ (Chang, 1962), 15¢ snd 46,7¢
(Hiott, 1976) and 77¢ (McConnell snd Armstrong, 1976).

Studies made in different perts of Gojam show a high
prevalence of parasitic infections. 6%, 4¢, 14¢, 69¢, 85
95¢, 88, 5P, 79¢. 569, 98¢, and 95¢ infection rates due to

hookworm were found in Yetemen, Wegel, Lumame, Amanuel,
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bembeche, Mankusa, Bure, Dongla, Wetet Abay, Merawi, Jige
and #enote Belom schoolchildren, respectively (MeConnell ond

Armstiong, 1976).

The rates in the province of Harar from hospital cases
were 19.6¢ (Blrhos end Kubasta, 1963), 28¢ (Kubasta, 1964),
2.7¢ (Lo et 2l. 1973) and 4.9 (Lainovic, 1974). In localities
in the Lower Awash, Lemms (1969) found the following infection

rates: Dubti 119, Assayta 49, Banga 3%, Awash station 5¢ and

Melks Konture 2.2¢, The highest robte reported wss 16.69 from
Koks. Irom Adwa %,7¢ infection mate was reported by Buck
(1965); and Torrey (1966) reported 1,5¢ infection Tate among

the Bay Hoy people in Welega.

McConnell and Armstrong (1976) in their survey of
integtin:l parosiies heve raported the following prevalence
rates for hookworm: Gebre Gurschz 17¢, Filklik 91¢%, Mesheanti
55¢, Zerima 77¢, Adi Arkai 20¢, Maitseberi 29¢, Inde Baguna
hA5¢, Belekleka 24¢, Wukro 9¢, Mekele 99, Mukufuto 7¢, Komholcha
6o, Karakore 219, hfeson 269, Jewha 26%, Debre Pina 11¢%, Sela
Dingay 3%, Debre Berhan %¢, Ankober 14¢, Sheno 3% and ILege
Tafo ?)of.

2.3, FACTORSG INFLURNCING TRANSMILSION

The effects of altitude in the distribution of these
helminths heve been considered by many auvbhors.
Demoyer et al. (1955) state that there is no striking

difference in infections of helminths at higher altitude, The
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sauwe opinion is expressed by Pyne et cl. (1956)., On the
other hond fvensson (1956) suggests thot high altitude and
dryness prevent the development of immature heluwinths to the
infectious stege oubtside the host, Watson et sl. (1956)
indicate that incressing sltitude cauged sz diminishing
incidence of helminthic infection except for Asc rig lumbricoides
difference between Ethiopian children living in highlends ond
those in lowlsnds (68.8% and 959, respectively). Diesfelad
(1969 § Btates that incidence of hookworm in Kenya decreases
vith rigsing oltitude. Kolly and Garavusi (1974), however,
indicate a high incidsznce of hookworm infection in mountainous
regions of Popun New Guine~., Ebrshimzedeh (1974) found
hookworm to be predominsnt in areas of Tren with warm, humid
and oceanic climcte., He examined 1042 gtool gamples in Tran
from Roudzer and Behahy in the north (warm and very humid
ocesnic climste), from XKhsrromobad in the west (dry and
temperate) and from Ahwaz in the south (dry and very hoi, but
often with cold nights). Hookworm was predominant in the

noI‘tho

Dicsfeld (1970) has snelysed the conditions which are
associated with a high prevalence of nookuorm infeetion in
{enys and other parts of Bast Africa, including hthiopia and
Ugonda, Data show that spread occurs most readily in s low-

lying moist ares. In one area, at @ height of 1100 to 1400m.
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above gea level, the infection rate ol the population was

50 - 80¢ falling to 10%¢ in nearby uplond regions. Briefly,
Diesfeld (1970) indiceted thet a werm, moist climate is
suitable for the propegztion of Aancylostoma, wherezg a cool,
dry climcte is hearmful. McConnell ond Armstrong (1976)
indicated that in general, the relationship betueen altitude
and the distribubtion of hookworm wag wmore marked then with

other helwminths encountered during a survey in Lthiopia.

Hookwvorms diffzr in their tolerance of high and lowu
temperctbures, and it is this ringe of optimuﬁ temperatures
which may <ccount’; for the more northerly distribution of
A. duodenale. This specieg can stand low Gemperatures
approsching 0°C, whereas M, americanug is killed by briel
periods of chilling at temperaturss well above freezing
(WHO, 1964). Matsusaki (1963%) indicated that the eggs of
A, duodennle sre the more rusistant o low temperatures. In
his study, they were not aflfected by exposures for 3--23
hours at temperztures hisher then 500, for one day at temp-.
eratures obove 800, Tor 2-% days at temperatures above 4600,
nor for 6--10 days at temperatures above 20°C, Kim (1969)
carried out experiments to determine the survival of eggs
and infective lsrvae of A, duodenale in different conditions
in Korea and found out that the eggs in the stool completely
lost their viabilibty after %0 days st 2800, 22 days at 506
and 12 hours at —1000, respectively. On the other hand,
Necetor can develop at temperatures above the range of

A

tolersnce for Ancylogstoma.
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Bxperts indicate thet the optinmum temperatures for

d.velopment arc 28°C - 32°C for Kecator and, for Ancylostomo,

5°C¢ .. 3°C lower than this (WHO, 196%), Once the infective -
stage has bheen receched, bothr spacies are relatively resistant
to Ttemperature extremes.

Beagonality in humen hookworms has been Tthe subject of
meny investigitors. Sturrock (1967) made monthly counts of
hookwyorm eggs in schoolchildran for twelve months, The pobttern
differed in individuel children, but transmission appesred to
be limited to o period between the short and the long rains.

An experiment with hookworm infective lervae slso indicated
that climetic conditions were unfavorahle for trensmission
after heavy «nd prolonged reins. According to Vinayak et al.
(1979), the rainy season wos found to be the most favorable
season for the development and survivel of hookworm larvae,
whereas the leest favorable were the Winter months. During
colder monthzs, the eggs remained dormont for a long period.
Tarvae recching the surfece of the soil during Suamer months
were killed by direct sunlifht. Nwosu snd Anya (1980)
indicated that there was a marked inerease in the over-all
Mookorn cburden following the onset of the reiny season, and

then a gradual decrease in infection during the dry season.

In relation to the consistency of the soil, it has been
observed that there is an inverse relationship between prevalence
of hookworm infection and density of the soil. In heavy soils

prevalence is low, and it is generally considered that sandy
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soils sre most suitable for hookworm larvse (WHO,1964),

The same opinion is held by Vineyak et al. (1979), where
gondy soil was found To be an excellsnt wediuvm fox develop-
ment and survivel of larveae. Clay was the worst soil for
vhe survival of the hookworm larvae., A mixture of clay and

gand gove results between the two extremes,

Vieira and ¥rags De Azevado (1966) also report that
hookworms (N, americsnus) were most common in soils which

conteined more orgonic materiol.

2.4,  PATHOGENSSIS

There is & consider:ble body of knowledge to indicate
that in certein parts of the world a very large number of
people are actually suffering from some degrez of anemis
produced by hookworms end that this hos notably retarded
Thelr capacity to work and to lecrn. Roche and Tayrisse
(1966) consider that hookworm snemia is closely related to
the iron intoke of the subjects in whom it occurs. Whether
anewnia does develop depends on & balznce between the iron
utilized by the body for haemoglobin production and that which
is lost via the hookworm. A significant correlation between
worm burden end anemic has also been found by White et al.
(1957) ond Forid snd Hisle (1962) snd evidence (Mortines-
Torres et sl, 1967; Gajowani ond Trivedi, 1969) suggest that
in hookvorn infection tho principal cause of anemia ig loss

of iron from the intestine brought about by bleeding.
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Blood loses per worm have been variously estimated
(Roche and Tayrisse, 19663 Muhmood, 1966; Farid et al. 1966;
Bloch s#nd Ruiz, 1966; Farid et sl. 1970). Though estimates
geners1lly renge higher in terms of losses per worm in light
infections thon in heavier ones, it is believed that blood
loss per worm per day is 0,005 - O.1ml. for N. americanus and
0,015 ~ 0,34ml, foxr A. duodensle (Komiya and Yasuraoka, 1966;

Roche and Tayrisse, 19663 Hocgland and ..chod, 1978).

The effect of hookworm iﬂfection on the intestinal mucosa
has been the subject of several studies. Rail et al. (1968)
Tound some correletion between abdominal sbnormality and
hookworm infection. According to Halsted et al. (1969) and
Tandon et al. (1969), hookworm infection was nol a cause of
malabsorption. However, Burmsn et 21l. (1970) suggest bio-
chemical evidence for mslabsorption, obtained in six paticnts,
all of whom had high egg counts and low haemoglobin levels.
Defective sbsorption of folic ccid has been reported in
hookworm infection (Areekul et al. 1975) and this could be

s menifeststion of more generalized intestinal malahsorption.

Both species cause skin reactions that are more or lesgs
severe depending on the inbtensiiy and frequency of exposure.
Repeated infections with Necator may cause the typical picture
of creeping eruption (WHO, -1964), Pulmonary reactions to

Necator sre apparently mild. Pulmonary reactions to Ancylostoms

have been noted, especially in Japan, where the condition is



referred to 28 '"Wskuna disease' (Muller, 1975).
2.5, DIAGHO:II

The developument of infective larvae in faecal culbures
was frequently used for hookworm diagnosis. However, not
until Harado and Mori (1951) produced a test-tube type culture,
was it restored as sn easy lsborotory method. Sass et al,
(1958) demonstrated the value of the test-tube culture in
epideniological surveys for hookworm, as well as for

Strongyloides stercoralis. This was due not only to the

simplicity of dicgnosis through finding infective larvae in
test-tube type cultures, but the feasibility of rapid
differcntiation of the third larval stages of Necabor and

Ancylostoms snd Strongyloides. ©toll and Hsieh (1967)

employed the technigue with dilution egg counting in
attempting to obtain a preliminary asgessment of the relative
amount of N. americanus and A. duodenale in West Africa.
Maruashvili et al. (1966) modified the test-tube method of
cultivation of hookworm larvzoe, and obtained lafge yields of
larvae by using glass jers and wide strips of filter paper.
Tobel et al. (1968) indiceted thet culture for hookworm
larvae wasg a moré sensitive diagnostic method than either
salt flotation or formol-ether concentration.

A number of other authors, Frenz et al. (1964) in Liberia,
Hsieh ¢ al. (1965) in Taiwan, Hsieh et al. (1972) in Liberia,

Choi et al. (1973) in Korea, Chacon gt al. (1975) in Mexico,
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Canese and Canege (1976) in Parcgusy, Msrzochi and Chicfri
(1978) in Londrine, Brozil, Coloert et :l. (1978) i% Kinshasa,
Oyerinds (1978) in Logos, and Correa et al. (1979) in Greater
a0 Psulo, Brazil, heve u?ilized the Horada Mori mothod to
study the identity and distribuiion of the tio humon hooltuorm
gpecies.

What wmakes the test-tube culture o workable device is
related to the biolozy of the free-living gtages of nookiorm.
When & strip pf filter paper is smeared lightly with faeces
containing hookiorm eggs, ond the strip pleced so that it
dips into a small amount of weter in the bottom of a large
tegt-btube, the filter paper acts as a wick and the smear
become satursted. Kvaporation is prevented and high humidity
is produced by covering the top of the test-tube tightly with
cellophane. A zoogloeal growth soon appears on the moist
gurface in which hookviorm larvee hatch and develop. After a
few doys at fovorable tempersture these become mature free-
living forms and reach the non-feeding third stoge. The
infective lasrvee tend to leave the surfoce of growth and
gravitate to the water and, being poor swimmers, they become
trapped ot the bottom of the test-tube. The infective larvae
in the sediment at the bottom can be withdrawn essily for
examination, ond can be morphologically differentiated at a
relatively low power under the microscope. Both hookworm

specics behave the same way.
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thig difference in the recction of infective l.arvae under test.
tube culbture conditions hos led Hsieh (1971) to make a

gignificant modification in the technique.

In order to secure optimum yield of the infective larvae
produced by hoth species, examin tion of more than the bottom
water of sn undisturbed culture is required., Those larvee
that did not migrate to the bhottom water by the end of the

culture period need to be included. It was found thet by

ogently filling the tube with water, so as to immerse the
entirs verticel surface of the filter poper, allowed any
reluctant lorvae to be washed off the surfece and sink %0

the bottom. After an intervesl they settle, ond the full
culture yield is obtainable in the sediment. Introduction of
this obligate ilmmersion as one in a set of procedural steps
Tor gtendardized gualitbtative resulds is termed 'Modified
Test-tube IMlter-naper Cultivation' and designated MLIC
(Hsieh, 1971).

2.6, TREATMWNT

Mony attempts have been mede to control hookworm

infection and 2 number of drugs have been utilized for the

treatment of ancylostomiasis snd necatoriasia.
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Various cuthors, among them, Botero and Perez (1970)
and Chitrathorn et =1l. (1972), have revorted phenylene di--
isothiocyanate to be effective against hookworm infections,
Other rese-rchers, Goldsmid aand Saunders (1972), Holz et al.
(1972) and Vakie et al, (1972), heve indiceted the efficacy
of levemisole, mebendazole and pyrsntel embonate in the

treatment of hookvorns.,

| Hsieh (1970) has rveviewed the rassults of ten years work
on the treatment of hookworm infection with different drugs
in Iiberia and Teiwan. Tetrachlorethylene, bephenium hydroxy-
naphthoste, bromonzphthol and phenylene di-isobthiocyanate
vere the most effective, and except with bephenium, higher
cure rates were obtoined in-gggiﬁgg infections,

At the pregent time there sre three products of choice

for the Treatment of hookworm infection: +tetrachlorethylene,
bephenium hydroxynaphthoste, and pyrantel embonate; with the

Fformer two more Ireduently used.

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

than pyrantel pamoate agsinst N. americonus infectilons.

However, Zamen end Toh (1974), Chinery et al. (1973) and
Haddock (1970) reported a poor therapeutic response to
bephenium in patients with N. americnnus.

Bephenium hydroxynaephthoste ig more effective against
A, duodensle than N. smericanus (WHO, 1963). Pyrantel

pamoate was also found to be as highly effective as

bephenium in patients with A, duodencle.
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Necator smericonus is more suscpbebile to tetrachlor-

ethylene (Oliveira, 1970; Balmer et ¢l. 1970; Senewiratine
et al. 1975).
In view of the fact thot bephenium eppesrs to have a
more selective action on A, duvodencle, while tetrachlor-
ethylene seems to be effective against N. americenus, combinad

treatment is employed (WHO, 196%; Moomen, 1971).

2.7. PREVENTION ANO CONTROL

Meny writers inform us cbout the numerous methods oif
prevention and control of hookuowrm infection., According to
WO (1981), control of hookworm infection and anemias involves
four approac-wss ; the gsanit-vy dispossl of fseces, hezlbh
education, chemotherapy, cnd corrsction of the anemia.

The provisicn of latrines and educabion in their propexr
use are crucial to the control of hookwvorm infections. The

viearing of protective footwear is an essential complementery

measgure,



3, MATERIALY AND MEBTHODS

5.1, DESCRIPTION OF SMUDY RAGLOND
Mhe study arecs in this project were Gondar and Gojam
Regions. The two regions were selected because:
- they represent the defined altitudinal areas (highland,
temperate and lowland areas);
- available reports indicate 'a relatively higher hook-
wvorm infection rated in the two regions; and
- study in these regions was found to be economical both

in maotericl and fingncial expenses,

%e1s1e GONDAR REGTLON

Gondar Region (Fig. 1.) is located in the North Weatern
part of Ethiopia bordering Gojam Region to the South, Velo
Region to the eost, Tigrei Region to The north and Eritrean
Region and the Sudan to the northwest and west, respectively.
The area is 74,200 sq. km, =nd the populstion is estimoted
to be about two million, with sversge population density of
28.4/ sq., km. The nerthern part of the region comprises
the BSemien Mountzing nd Ras Deshen, the highest mountain
in Bthionias with a peak of 4575m. There are fertile lowland
areas in between the mountains, In the northwest there is
much sloping down towards the plains along the Sudon border,
The most western end of the highland pleteau merges into the
loulends of tetema, To the south, the border of the area

ig Tmke Mana {(Min. Public flealttr’y.1977).
27
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frequent ground-frost occurs in the high regions.
Average ~nnual rainfall is 1700mn. ot high altitudes and
about 1250mm. in lower regions. Rainy seasons are February
to April and June to Bepbember. Aversge anmusl raange of

temperature is from 16°C to 30°C (Daniel, 1977).

Teif, wheat, burely, sorghum, moize snd some millet are
cultivated. FPulses and olil seeds gre also grown. There are

potential cotton-growing areas,
4,102, GOJAM RLGION

Gojam Region (IMg. 1.) is bounded on the north by ILauke

Tana and Gonder Resgion, on the east by Welo Region, on the
south by Welecpga and Shewa Regions and on the west by the Sudan.
The Blue Nile River traces the border of the region to the
BSudan frontier. The eastern part of the region is mountainous
terrain, sloping gradually toward the scrub lands near the
Sudan bordar, The region hag on area of 61,600 sq. km. and

a populztion of about two million with average population

density of 3%/sq. km ( Min. Public Health, 1977).

There are wide temperature variations - cold, especially
at night, in highlends and wvery hot in the valleys. Average
anausl tempereture ronges from 16°¢ %o 5000, At altitudes of
3,000 to 4,000m. the tewperasture is quite cold. In the
mountainous regions, frequent ground-frost is obgerved in

December nd Januvary. The rainy seasons are from March to
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April and June to September. Average annuel rsinfall id

between 1200 and 1500mm (Daniel, 1977).

The region is fertile., The principsl grasins are teff,
barely, whest, meize, sorghum, and wmillet. Potatoes and
other vegetiables are nlso grown., Pulses and oil seeds are
cultivated in some areas and thrre sre potentisl cobton

producing areszs.

In woth regions, the population is almost wholly static.
it is estimated that ov-r 90¢ of the working population is
engaged in cgricultural practices., Everywhere, with few
exceplions, the inhabitants live a life which revolves around
the snnu~l cycle of plenting, growing and harvesting. Since
there is no essentisl difference in the sanitation of the
people living in urhben areas and of those living in rural
areas, the environmental conditions which are responsible for
the disseminotion of helminths are present. Urban dwellers
for the most part live in crowded situations, with activities
primerily centered around the houses, while those in the
rural villeges live in widely disseminated areasg and often
travel, to work or to school., Water supply, sewage and refuse
disposal are poorly organized. Some poorly-constructed pit-
latrines are availohle in urban arers, bubt are seldom used,
People defecate in the fiekds, in bushes nesr the houses, in
the ditches or in secondary cenals. Shoes are nob worn in

rural areas, even by the better-educcted leeders of the

community, while engaged in work.
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Both regions exenplify temperature~-altitude wpotential
evapotranspiration relationships as classified by Daniel
(1977) for Ethiopia and accordingly, in vhe lowlands
temperatures and water losseg are high and rainfall amounts

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

3o, BuLCTLON OF P CIPIC STUDY AREAS AND SAMPT..

POPULATTON
Student populsbvions from elementary schools were

selecled to repeesent the community they live in for various
reagons,

8. They shnare the scue environment as the other sections of
the community.

b. Since they live near the schools, they can provide
relatively reliable locsl information.

¢. They ore likely to accept the inconveniences of providing
stool and other investigations.

d., With the exception of age, they reflect community

practices.

Elemenvary schools were taken for comparisong; because
elementary schools were relatively wide-spread in rural and
urban areas of the regions, as compared to secondary and
middle schools.

After an initial survey had been conducted to determine
the altitude, all schools in the two regions were classified

into highland, temperste ond lowlond schools. All places
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below 2000m. were considered lowlands, 2000-2500m. are
designated as temperate and above 2500m, are considered
highlends (Min, Public Heslth, 1977). Schools were selected
on the basis of the pre-determined criterion which required
that schools vary in altitude but to be similar in a2ll other
respects, as far as possible. Thus the method of selection
vwas stretified cluster sawpling. This method of sampling hasg
the benefit in terms of precision (less variance) ond ig
economical, The advantages of stratified sampling sre

exbensively discussed in the literature (Kish$ 1961 ).

Accordingly, seventeen schools representing 6,000 students
from Gondar Region and fourteen schools representing 7,500
students from Gojam Region, a tobal of thirty-one schools
(Fig. 1.) representing 1%,500 students were selected as
principxl study sites. The lowest point considered in Gondar
Region has on altitude of 1200m. <nd the highest 3150m. above
sea level. ®HBimilarly in GoJam, the lowest site considered
had an altitude of 1650m. and the highest 2550m. {(Table 2.).

Aresns out of thrse linmits could not he dealt with becsuse of

various problems.

Mostly students of grades thrse to six were taken to
repregent elementory school students, whenever possible lover
gradg were excluded.

After the purpose of the work had been explained to the
principals and to those directly concerned, students who

fulfilled the folloving criteria were listed as prospective
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donorsg of faec:l materisl:
a. 1lived in the area continuously for five or more years;
b. never hed treatment for any intestinal ailwent during the
1a2st three wmonths; and

c. attended closses at the time of study.

From the lists containing the nemes of prospective donors,
a total of %2%9 students, 1414 from Gondar Region and 1825
fiom Gojem Region, were selected, using systematic sampling
with a random start, to constitube the sample population for

211 thirt-one areas studied (Table 2.).

This work wes carried out in two phases. The first
pert of the work comprised the gstudy in Gondar Region and
took place in October snd November, 1982, The gecond phase
of the work involved the areas of Gojem Region snd was
sccomplished in February and pMarch, 198%., On all occagions

aimilar methods were employed.
3.3, SPECINEN COLL CRION

After lists of donord had been drawvm up, a container was
numbered for each gstudent and distributed. Progpective donors
were asked to furnish not less than 10g. of faeces. Whenever
possible, the containers were handed to students in the morning

and collected within a few hours. The specimens were trans-

portnd to the Gondar College of Medical Sciences Hospital
TLaboratory on the same day of collection whenever possible,

or within a couple of days, by car.
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In the loboratory, the containers were arranged in
numerical order. A small amount of each stool (about two
grams) from each sample was processed to indicate the presence

of hookworm ova by the method of Ritchie (1948),

In Ritechie's (1948) method, about two grams of euch
stool ssample was preserved in a numbered bottle using 7.5¢
formalin. The specimen was then thoroughly stirred, and
depending on the size .nd density of the specimen, sufficient
quantity was straincd through double layered cotton gauze
into & numbered 15ml. centrifuge tube to give about 0.5 to
1 ml, of sediment. MTeop water wog then added ond mixed
thorouzhly and centrifuged at 2000 rpm, for one minute, The
gsupernstont wes decsnted and sbout 10 ml. of buffer was
added to sediment and allowed to stand for 2-% minuvtes. After
adding about 3 ml. of ether and shaking, the specimen was
_oentrifuged for two minutes at 2000 rpm. The supcrnatant was
then decznted and the whole sediment tronsferred to a slide,
covered with a wide cover glass and examined for hookworm ova.
Pogitive stool ssmples were Thus identified for culturing,
which in turn took place immediately.

3,4, CULLIVATION OF LiaRVAR

Cultivation of the filariform larvse involved the
uvilization of the modified test-tube filter-paper

cultivation (MPHC) method es developed by Hsieh (1971).
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Test tubes (18mm. X 180mm.) were tuken and adhesive tape

Lo

wag put on the upper portion of each cbout five centimeters
from the top. To each tubz about 10 ml, of distilled waber
vwes added oand the tubes were placed in test -tube racks., 0ld
newspapers were spresd on the leboratory bench top. ILengthuise
cresse was mede in filter paper strips ond leid on the old
newsnapers. With wooden applicstors about 0.1 g. of faeces
yas smeared from a positive stool ssmple on a filter paper

leaving about 4 c¢m, at the left end of the filter paper un-

smeared., The faecal smear was spread as thin as possible,
Undigested fibres or seeds were removed from the smears., The

smeared strip was inserted into the test tube, by the dide of

the unsmesred portion, and pushed into the water to nearly
reach the botitom of the tube, gnd it was engured that the
faecel smeer did not touch the water. The top of the test--tube
was covered with a piece of cellophane ana fixed in place
tightly with a rubber band. Severnl mwinute holes were mode

in the cellophane sheet with 5 dissecting necdle. A serial
number corregponding to the number of the stool sample und:r
culture was mecorded on the adhesive tepe. The Tegh-tube was

then kept at 24 - 29°C¢ for st least seven days.

At the end of seven days, the cellophane cover wes

removed snd discarded with caution. Distilled water wWas
added to the Lest-tube until the water level reached above

the top of the filter paper gtrip. After about five hours,
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the filier poper strip wasg removed with forceps .
‘and discarded. The supernatsnt was then drawn off using
pipettes until the water level reached about 25 mm. from the
botvom. The tegt-tube was.shaken and the suspensgion rapidly
transferred to numbered 15 ml. centrifuge tubes and the larvae
concentrated by centrifugation for two minutes. The super-
natant was carefully pipetted off from the surface down,

leaving about % ml., of water remsining at the conical botionm.
A dvop of the Dobell 2nd O'Connor's solution wes 2dded

to the w ter in the centrifuge tube. Immedietely the whole
gediment was transferred ss a drop to o slide, covercd with
a wide cover-glass ond examined for the prescence of larvae
under low nognification.

3.5, IDENTIFICATION OF TARValE TPROM CULTURE

The following key was utilized to differentioste larvae
wHO, 1931).
Iao Oesophagous about one-fourth the length of body of &
sheathed larva. Body length about 500 - 600A , and sheath
length about 660/ ; sheath conspicuously striated, more
clesrly observed sround the teil portion of the body; mouth
'spears' appear dark, anterior end of body (not the sheath)
rounded, like the small end of a hen's egg; anterior portion
of intestine as wide as oesophage~l bulb; tail end shorply

pointed (Hig. 2.)icvoucovincin v e vouans N, americanus

—ha
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b. Oesophagous about one-fourth the length oi body of a
gshe-thed larve, Body length about 600 - 700/%_, cnd shesth
length about 720M ; sheath lesgs clecrly striated, mouth
'spears' less conspicuous; anterior end of body (no® the
sheath) blunt! T “.., intestine n-rrower in

diameter than the ocesophagesl bulb; teil end blunted

(PMge o) wovvinicns i iacuocnee. . coue Ao duodenale

c., Occosionally infective larvae were found exsheothed. The
. ¢
presence ol dark mouth-spears and the nsrrouly-rounded

anterior end of Necitor differentiated it from Ancylostona.

magnification of the microscope used was X 100 (10 X 10 nm, )

and occagionally the high power objective was also used.

3,6, MJHOD OF DATA AMALYLTD

2. Ths data was classified and presented in tubles and figures.
b. The determinants of the distribubtion of parasites in this
study were clim te/altitude, sex usnd sge. Initially sginple
linear correlzbtion wes estimated to gee the degree of
sasociction between the porasites under study and the above
daterminants. The ones with significant results were
identified and whenever possibls a.multiple regression equation,
involving more thoen onc determinant, was calculated.

c., batistical tegts were employed to see which of the
porasites was more prevalent in each of the regions. Moreover,

a comporative study was made between the two regions on

the prevalence of o paragite, The method of comparison was
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Necator amer{canys

Anycilostoma duodeagle
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the stondardized normal (7)) statictic.
d. Variotion of the purasitas by climete/altitude in cach

of the regions wes «nalysed using the 2 st-tistic.



4, REBULTS

4,1, PROPORTION. OF PUPILs INFLCTED AND HOOK-/ORM

SPuLCIES

Altogether 3239 (1827 males and 1412 femzales) school-
children were examined in %1 schools., Of these 20.1%¢ were
infected with hookvorm, In 13 of these schools, 20% or more
of those examined were positive and in another 15 schools,
the infection rate ranged from 1,3%% to 19.%%¢, chool-
children examined in the remcining five schools were negetive.
O the total hookworm-infected individuals 58.9¢ were males
and 41,19 were fenales.,

When considaring the two regions ind=pendently, of 1414
(739 males and 675 femzles) schoolchildren examined in Gondar
Region 22.7% were found positive (Teble 3). In Gojam Region,
out of 1825 schoolchildren (1088 males and 737 females) 18,14«

were positive (Table 4).

e R ek = Gecoraerda mieie ol

from the total of 652 hookworm infected cases 613 (94,02¢)
(364 m:les and 249 females) harboured N, americanus. Though
in 15 cases eggs did not hatch and the larvae could not be

identified, Ancylostoma duodenale was found in very low

proportion. ¥From the total positives, the species was
identified in only 24 cases (3.68¢), It also occured as a

double infection with N, americsnus in an additional six cases,

41



Table 3

Hookworm Preualence Without Regard

To.Species In Gondar Region

Elevation No. Of No. Of Indivi- ¢ Positive
Area Of Study (m) Individuals _Aqe gex duals Positive ’

Examined Rangel (D U(F| b M M r| T

Nefas Mewcha 3150 61 11-26L 39/22 - - - - - -

Xossoye 300C 61 B-16] 47/14 - - - - - -

Kimer Dingaye 3000 50 7-13l 30720} -} - - - -] -
Debarg 2950 10C 8-201 S54/46 4 2 & 7.4 4.3 6.0
Gassay 2850 64 10-13] s50/14)] 2 - 2 a.0f -1 311
aykel 2350 64 5-12| 33/21] 11 3 14 33.31 9.7 21.9
Dib Bahir 2200 70 7-30] 20/30| 10 5 15 25.0{16.7 21.4
| Tikil Dinagave | 2100 101 e-23] 49/52| 19| 23 42 38.8(44.2 41 .6
Enfraz 2109 80 7-30{ 27/23] - 5 5 - f21.7] 10.0
Maksegnt 2050 43 10-231 247241 1 - 1 4.2{ -1 2.1
Chuahit 2050 72 10-30! so7/32] 7 4 11 17.5{12.5 15.3
 1'izaba 2050 101 7-37] 26/75) 13} 24 37 50.0132.0 36,6
| ¥ola Deba 1250 27 8-23) 34/43 & - &) 17.€ - €.%
Corgora 1850 100 8-33] 47/53 2 & 8 4.3711.3] e.0
E;di Arkai 1700 120 - 8-31) 55/65] 16 ] 31 47 20.1147.6, 39.2
Zarema 1200 145 8-32{ B1/64{ 24 { 23 47 99.6(35.9!) 32.4
sanja 1200 120 6-20] €3/571 48 | 32 20 76.2156.1| 66.7
1 rotal 1414 X 739/679163 { 158 { 321 22.1123.4| 22.7




Hocokworm Prevalence Without Regaxrd

Table 4

To Species In Geojam Region

Area 0f Study Elevation|No. of Invivi- Rig:e Sex zz;lszz:ji:i; s vositive
{m) duals Examined (»/F)

M by T ™ B T

Telama 2550 100 7-25] 4¢/51 - - - - - -

Betechena 2550 100 7-18| 47/53 - - ~ - - 1 -
Mota 2450 10¢C 7-19{ 51/49 - 4 4 - 8.2 4.3
Amanpuel 2400 70 10~18| 52/18 & 4 10 11.5422.2] 5.7
Tilili 2200 150 9-191 24/5¢ 2 - 2 2.1 -~ 1.3
Dangela 2150 150 10-281 81/69 18 15 2 22.2121,73122,0
Dembecha 2100 100 6-121 £3/37 12 4 1€ 19.1 10,8 (15,0
Bure 2100 150 §-14] 74/76 i3 16 29 17.€21.1119.3
Merawi 2050 150 10-12[108/41 30 5 3E 27.5 112_.2123.3
Dur Bete 2Q00 150 g-16} 81/6¢ 25 13 38 30.2 ]18.8 25,3
Wetet Abay 1900 120 7-12 )105/45 38 & 44 36,2 133,33 129,3
Fenote Selan 1800 205 8-241130/75 43 21 654 33.1 28, 31,2
Bakir Dar 1800 100 §-20{ 50/50 8 4 12 16.71 8 12.9
Chagni 1550 150 7-15 102 /49 28 18 44 25.5 37.54129.3
T rotal 1825 1088/737 211 | 110 [331 {20.3 f14.9[18.1

“h
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A1l larvoe vwere idsnbtified as N, americsnus in Gojam
Region while 92.52¢ (297) hookworm-infeeted ceoses harboured
N. emericanus in Gondar Region, In contrast, 7.48¢ (24)
cases were found To harbour A, duodcnsle in Gondar Region.
From the total sompled populations in Gonder Region, 297
(21,0¢) harboured M. szmericioaus (Table 5), while A, duodenale
was recovered from 1,7¢ (Teble 6)., In Gojam Region 17.3¢

of the total gampled population had N. americanus (Teble 7).

ho2. BPHCIES Vs. CLIMATE/ATMITUDE, AGE AWD sBY

In an attempt to identify the determinants of previolence
of the gpecies multiple linesr regregsion analysis wes

performed, The regression equations were egtimated to he:

¥ = 0.7313 - 0.00041%, + 0,2485%, , R = 0.54
(0,000065)  (0.0454)
(Necautor zmericanus in Gonder Roegion)
Y = 0.2%46 - 0,000286X, + 0.0335%, , R° = 0.76
(0.000062) (0.0262)
(Necotor americenus in Gojom Region)
Yhere;

Y = Proportion of sompled cases with positive results

Xq Elevation in metresg

i

il

Xo = Bex revio (male/female)
(Values in parenthesis are sbtondard errors. Ievel of

significence is 95%)



Table 5

Prevalence of Necatcor Americanus (Na)

In Gondar Region

- . [ No. of Indivi- | Age Sex ¥o. ©f Indivi-
Area Of Study |CrEVation . . $ Wwith WNa
- (m) duals Examined [Range| {(/F) duals With Na
u ® T M F T
Nafas Mecha 3150 61 11-261 39/22 ~ - -~ - - -
¥ossove 3000 61 83-124} 47/14 - - - - - -
Fimer Dingaye 3000 50 7-181 30/20 - - - - - -
Tebharg 2980 100 8-201 S4/L€ 4 2 6 7.41 4.3 .0
Gassay 2850 64 10-181 50/14 2 - 2 4.0 - 3.1
Avkel 2350 64 §-12] 33/21 11 31 14 [33.3]14. 21.9)
. Dib» Eahirx 2200 70 7-3G | 46/30 10 2y 12 2E.011 € 17.1
Tiklil Dinagase 2100 101 £-231 49/52 19 23] 42 38.8}144. 41 .6
Enfraz 2100 50 7~3014 27/23 - 4 4 - .4 8.0
Faksegnt 20E0 43 10-231 24/24 1 - 1 4.2 - 2.1
Chuahit 2050 72 10-30 1 40/32 a1 11 17.5 1E.3
Hizaba 2050 101 7-37 { 26/78 10 1igi 28 3.8 {24, 27.7
Kola deba 1950 87 8-23 | 34/43 - 6 17.61 - 6.9
Gorgara 1850 100 §-33 | 47/53 3] 8 4.3111,3 g.C¢
Adi Ark;; 1700 120 €-31 ) 55/65 30 42 21.82146.2 35.0
Zarema 1200 145 8-32 | 81/€4 231 47  |29.e435.¢ 32.4
Sania 1200 120 6-20 | 63/57 45 28| 74 71i.4 (50,9 61.7
%'Tutal 1414 73¢/675 | 153 144 (297 20,7 121.3 21.0~

S



Prevalence 0f Ancylestoma Duodenale (Ad) In Condar Region

Table 6

Zlevation |"°7 O a Sex ¥o. of Indivi-
RArea Of Study (N) Individuale Qge : ‘ & With nd.
Examined Range { {¥) (F) duals With 2d
M 3 T b F T
¥efas iewcha 3150 &1 11-26 39/22 - - - - - -
Eossoye 3000 61 £-1¢ 47/14 - - - - - -
Kimer Iinsaye 3000 50 7-18 30/20 - - - - - -
Dekarg ‘ 2950 100 8-20 BA/46 - - - - - -
Gassay 28350 54 10-~-18 5C/14 - - - -~ - -
Ayekel 2350 64 8-12 33/21 - - - - - -
Dit pahir 2200 70 7-30 40/30 - 3 3 - 10.0 ) 4.3
Tikil Dingaye 2199 101 8-23 £9/52 - - - - - -
Enfraz 2100 50 7-30 27=-213 - 1 1 - 4.3 12,0
Maksegnt 2050 48 10-23 24/24 - - - - - -
Chuahit 2050 .72 10-36 40/32 - - - - - -
| Mizaba _ 2050 101 7-37 26/75 3 6 9 11.5 112,8 18.9
TKola Dela 1950 87 . 2-23 34/43 - - - ~- - -
Gorgora 1850 100 B=-33 47/83 - - - - - -
24i ihrka? 1700 120 8-31 55/65 4 1 5 7.3 7.7 | 4.2
Zarema 1200 145 8~32 81/64 - - - ~ - -
| Sanija 1200 120 620 63/57 3 3 G 4.8 5.3 15.0
( % Total 1414 ' 739/675 J10 14 124 1.4 2,1 11.7

O



Table 7

Prevalence O0f Necator americanus {Na) In Gojam Region

Elevation He. of No. of Indivi-
Area of Study . rndividuals Age Sex duals with ¥a % With NMNa.
Examined Range | () (F) i 5 T * 5
Telema 2550 100 7-258 48751 - - - - -
Betechena 2550 100 7-18 74/53 - - - - -
Mota 2450 100 7-19 51/49 - 4 4 - e.,2
Amanvel 2400 7¢ 16-18 E2/18 & 4 10 11,5 22,2
Ti1ili 2400 150 g-19 .B4/5¢ 2 - 2 2.1 -~
Dangela 2150 150 10~-28 81/€% 16 1t 31 18.8¢21.7
Denmkbecha 2100 106G 6-12 £3/37 12 4 16 19,.1110.8
Bure 2100 1890 g-14 T4/76 11 15 26 i4.9718.7
Merawi 2050 150 10-18 109/41 28 5 33 25.7)12.2
Dur Bete 20¢ 150 8-16 81/69 25 12 37 ¢ 30.9117.4
Wetel Abay 1%co 150 7-19 105/45 37 € 43 ? 35.2413.3
Fencte Selan 1200 205 R-24 130/75% 40 20 60 30.8126.7
Bahirdar 1300 100 £-20 50/50 8 4 12 1€.01 8.0
Chagni 1EE50 150 7-15 102/412 26 16 42 25.5133.3
Total 1825 1088/737'”‘1 105 §31s 19.4114.,2

iy
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In Gondsr Hngion elevation and sex ratio were found to
be significsnt. This implics a nepgotive relationship
to e more prevalent zmong meles than femcles. On the other
hand, in Gojam Region elevotion was found to be significent
while sex rotio was not. In both regions age was not found

to be corrslated with infection ratve,

A simple corr=lotion coefficient between incidence of
attack on the one hand and climate/altitude, sge and sex on
the pther, gave tThe results noted in the scatter-diograns
(Higs. 3 - 8).

4,%, VARIATION OF PLRAGITES BY ALTITODE TN BACH OF

DHE REGLON |

An attempt was made to see the variztion of the two
species by »ltitude., This was enalysed for eszch of the
species and for both put together. IFurther clzsssificetion
was algo mode by region. Our initiszl hypothesgis was that
the incidence of the two specieg does notbt very with albtitude
in easch of the regions. Based on this assumption, a standard
normal test on the diifersnce betueen a.pair of proporbions

was applied. The formuls used was:

P, - P,
4= . L e
- et
At o fele 12
IL] n2 1
i
b -
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where;
Pq, P2 ig the proportion of cases positive in any two
altitudinal regions in Gondar and Gojam, respectively
aqs 9o is the complement of B, and Pg, respectively

nq, Np is the sample size for Gondar and Gojam used for

estimating proportions.

Teble 8 shows the proportions of positive cases in each
area cnd altitudinsl region. Table 9 shovs the value of the
Y% stebistic on the difference betwsen tuo propovtions. The
results of Table 9 suggest that there is significont difference
in the incidence of the peresites when clasgified by alititude,
The only exception was the incidence of A, duodenzle between
temperate and lowlund arews for Gondar Region. The lettver
did not show significent difference., The conclusion is thus
the incidence vari g inversely with zltitude, i.e., s we go

higher we get fewer propobiion of coses.
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4 statistic on the Voricbility of the

Incidence by Altituds and fugion for

the Mo Upecieg of Hookn

(Wa = N. gmericinus; Ad = A,

Na Ad

Highland vs

Temperate

20.00

5.66

PR

Hghl-nd vg
Lowland

-

15.57

R T

Temperate vs

%.29

Lowlond

S S R S S SV,

Mot significant result.

Na+Ad

10T

duodenale )

Gomnorison of Region

. - . e e e e e e e e e e e
slbitudinol Gondar Gojam

region Fom e e ek g

Na Ad Na+Ad ]

T4 14

B

14

15.06 15,06

¥ 5009 - 5009



58

.1

4.4, VARTATION 0 PARASGITES BHTVERN REGLON.

=
=

.

Table 70 ghows the proportion of positive cases in each
region <long with the 4 stabtiotic betireen two proportions,

Table 10

Proportion of 8Jses with Une or Both

Specieg in Each Region, along with

the 7 statistic

(Ms = W, americenus; Ad = 4, duod:nele)

L LT R e LT

Region ppecies

PN S PO S5 S I

Gondar 0.21 0,02 0.23

Gojam 0.17 - 0.18

4 velue 2,58 - 4,48

H

O UL S PSSR ORR

Pable 10 suggests thot the par:sites ere mowrs prevolent
in Gondar thrn in Gojom Region., One mey hove to do further
resexrch on the higher prevelence of the parssites in Gondar

than in Gojum.
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PROPORTION OF CHITDREN WITH HOOKWORM WITH/

WITHOUT REGARD TO SPFECIES IN WHREE DIFNVESRENT

ATLITUDINAYL HEGIONS

fable 11 shows the proportion of schoolchildren with

hookworm (without regard to specics) in three different

altitudinal regions and the proportion of children with pure

and mixed infections of N. americanus and A. duodenale in the

three different altitudinzl resions 18 indiceted in Table 12,
(&)

Table 11

Proportion of Children with Hookworm

(wikhout regard to species) in Three

Different Altitudinal Regions

Region

No.

of children

examined

PP P S

. e L

Proportion positive
for hooktiorm (¢)

k. A mreaba e cawiaemr anas

1. 49
18,46

Highlend 5%6
Temperate 1%76
Lowland 1327

29.39
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e e e

Tablg 12

Proportion of Children with Single snd PMixed

[P el

Infectlons of N, americ.nug znd A, duodenale

e g u s

L S Y e iatas maaa e e = - - P -

in Three Diff.rent Altitudinal Hegions

(Na = N. americonus; Ad = A. Juodenels)

S [ LTI U - imemain el

. ey
Infactions| Highland (5%6)% Temperate(1376)| Lowland(1327 ;

proportions pronortions proportiong

positive () positive (o) positive(?)
— NUUSUR W e
Na only 1.49 17 .00 27.95

).-._H.__u-..J_‘.-.-_z....-_ﬁ.x-\#u_._*.,_,_u,_.._.-, e e T T S,
Ad only - 0.94 0.83%
Ad when
1795 28471

with Na -

LA m A T e R e Ve aa s =]

b2d

The nwibers of children exomined in each altitudinal

region are shown in parenthesis.

As shovn in Table 11 and 12, the proportion of children
infected by hookworms is highest in the lowlands (29.39%)
folloved by the temperate regions (118.46¢). The highest
infection by N. americsnus is found in the lowlends (27.95¢)
followed by the temperate areas (17.007), Infection due to

this parssite 13 also found in the highlends, though uncommonly

(1.49%), contrary to whst hos been indicoted in the literaturs.
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Surprisingly enough, infection by A. duodenale is ¢lso
crezeping into the lowlands. In the lowlends and in the two
other altitudincl regiouns, the previ:lence of hookworm

infection among schoolchildren is m.inly accounted by

N. amerxicsnus.
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5. DISCULBS IO AND CONCLUS T ON

among the =zpecific objectives of thies study were to mszke
a surv-y for an cccurste ahd r-liable estimate of the infection
in defined aititudinul sreas of the tuo regions, to help the
physicizns oi the regions knou the idontity of the most
import nt cause of hookiotm disease anc thereby help then
control it end to help l.y the founddiion for o thorough

investig tion in other regions of the countiry.

Tt is true th:t school uge groups do not represcnt oll
the age groups in & community.. In spite of This restriction,
meny studies use this parameter to infer community prevalence
of intestinsl poresites (Temma et al. 1968; Desowitz and
Wiebengs, 1975)., This study used schoolchildren as its sauple
population becsuse the schoolchildren shore the seme environ-
mental conditions common to 11 age groups in the community.
In addition, the sample populition hes ¢lso included the age
6 ~-20 yrs., group which shows the highest prevalence of
intestin:l parcsites in community studies (De Bei, 1955; Ricei,
1956).

Mony investigotors heve snalysed the effect ol eltitude
in the distribution of hookworm infection., Watson et al.
(1956) indic.ted thit increcsing cltitude ccused a diminishing
incid .nece of hookuorm, Wang (1965) found a significant
diffesrence betieen children living in highlends «nd those

in lowlands (683.8% and 95¢ infections, respectively).
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Diesfeld (1969) noted that the incidence of hookworm
d crensed with rising altituvde. Diesfeld (1970) has also
reported that spread of hookworm occurs most readily in low-
1ying moizt aress. Kelly end Garavusi (1974) indicated a high
incidence of hookworm infeciion in mountainous regions.
Fbrahimzodeh (1974) found hookuorm to be predominant in arcas
with warm, humid and oceanic climate,

Similar results have been obboined in this study. In
exwnining “377 schoolchildren from 10 localitiss in lowlond
aress, over-sll infection rates of 29.%9¢ hookworm were
revealed., Tn 1%76 schoolchildren from 14 loc.lities studied
in temperate ocrecs over-all infection rates of 18.46 hookworm
gere demongtrated, snd in 5%6 pupils from 7 localities of
highl :nd aerezs 1.4¢ of the children were shoun to be hookworin-
infected., Btetistical enxlysis has indicated an inverse
rolationship between incidence of infection and altitudinal
region, This m .y be reloted Yo the absence of warm and moist
environmental conditiond necessory for the development of
the larvae., Svensson (1956) has indicated that high
albitudes and dryncess prevent development of immcture helminths
to the infectious strge oubtside the host elsswhere, and the
gome opinion i expressed by Chendler and Resd (1961).

The prev.:lence rate of hookworm was found %o be higher in
gondar Region thon in Gojom Hegion. Hovever, both regions

enjoy similar climatic conditons ond other humcin foctors
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guch as occupation, cgricultural practices, defecstion
behaviour snd food h bits, which meke them edually
vulunerable for hookvorm infection., This difference in

prevalence rotes needs further investigation.

Variction in local .nd micro-environment may influence
hookiiorm intensity and infection rate. Thus an infectlon
rate of 41,67 provsiled 2t WMkil Dingeaye <t an sltitude of
2100m, in Gondar Region and 19,.%¢ infection rate ot Bure at
the geme zltitude in Gojem Leglon,

Earlier reports (Schsller snd Kulg, 1972) indicoted that
ancylostomicesis is o serious hecslth problem in ~lmost all
Ethiopicn provinces in ploces up to 1800m. Tater McConnell
and Armstrong (1976) huve indicated that hookworm infections
were numerous bebyeen Debre Morkos snd Axum at altitudes
between 1%00--2100m., and low infection rotes were encountered
ot well belouw 2200m. zlong the eastern edge of the plateau.
In our study, however, contrary to what hss been indicated
hookuvorm infection hos been obtained at well over 2200m.,

streching up to 2500m.

According to Badun (1955), privalence of intestinal
parsgitism showed an incresse up to the ages of 10 -~ 14 ond
2. remarkshle decreage after age 30, idinz (1967) concluded
that ages 6 - 12 ghow the highest prevaience rote. Beaver el
al. (1952) state that in humen hookworm infections the

maximum incidonce occurs somevwhere between the ages 15 - 25,
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Duncan (1978) found hookworm to be evenly distributed among the

differenty 2ge groups. This study, however, revezled that there

was no significont ege difference in the provalence of hook-
WOTTS .

There ig no congigtent evid=nce to indicate thalt there is
a difference in susceptibility to helminthic infections
between the sexes in mon., Sadun (1955) indicated that the
infection rate in msles vas significantly highsr then in females
from the ages of 10 yrs. onwards for hookworm. The infection
rate for Ascorig lumbricoides and Trichuris trichiure was
higher in femoleg than in males. The resgvlts of this study
was supported by Hinz (1967) and Molineaux (1967). 'These
studics acetually indicate not a sex difference per se but the
oubcome of gex-reloted occupstional differences. In our
study, however, significent sex-related differences was
obtained in Gondar Region only., Infection with hookworm was

more prevalent in mcoles than in females.

N, americcnus was first reported (Ferro-Tuzzi, 1949;
Gofia, 1949) in the netives of the Eritresn highlands and
D'Ignuzio and Mra (1949) revesled the presence of A. duodenale,
Later Armstrong and Chane (1975) indicoted the presence of

both H. americsnus ond A. duod-nole.

The cultivation technidgue used in this study proved the
existence of both A, duodensle and N, americonus infeciion

A A el

in Gonder Region, with the latter specied occuring about 15
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timed more frequently then the former. Only M. aaericonus
infection wes found in Gojom Heglon. HSimilsr patterns of
differential existence of infectlion by the two specics

have been encountered elsewhere,

De Cerneri (1974) indicoted thaet N. americuanus prevails
over A. duodznale in the territory stretching from northern
portugal to northern Itsly, through northern Turkey and Soviet

Tronscaucasisz, r»ight into northern Iren. According to Conese

I

and Canese (1976), in Parcgusy, in the east of the country

the A. duodencle/N, emericonus rotio was 1 1 84, in the

[ P Py

weat it was 1 1 16,5 and over the whole country it was 1 : 25.6.

Tarthermore, N, amgricanus has been shown to be the prominent
species’ in Bl Salvador (Bloch znd Ruiz, 1966), Singapore
(4am2n znd Loh, 1974), Mexico (Chacon et z1. 1975), and the
Phillipines (Corney et al. 1990). Frenz eb al. (1964),

Sturrock (1966), Bskker (1969), Miller (1970), Ricciardi
(1974) and Oyerinde (1978) have aloo indicated N. americanus

to outnumber A, duodenale in various parts of Africea.

The preponderance of A, duodens:lc over N, americenus

hag also been reported, In Toiwen, A. duodensle wes more
prevalent then . americonus (Hsieh et al. 1965). 1In Korea,
Choi et sl. (1973) reported that culture of 182 stool
gpecimens yielded only A. duodennle, In mony parts of India

the preponderance of A, dvodenule over N, cmericanus has becn
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indicated by Bahsnderi and Shrimeli (1969). In Africa,
though not vredominating, the occurrence of A, duodensle
has been reported by Hsieh et al. (1972) in Liberia, Rep and
Shabe (1976) in Tenzania, Huys et 2l. (1976) in Rwande and

Colaert et 2l. (1978) in Kinshasa,

The findings of investigetions on the differenticl
distribution of the hoolkwvorm species of man reviewed so for
try to relute the difference to climetic, altitudinel and
other related environmenbtel factors in general, But in this
gtudy the regional differences in ¢limaivic factors are
favorehle for wide disperszl of A. duodenale, but this hes
not occcurred. Temperzturc, roinfall snd humidity vary
gsomewhat in these regions, but the ronge of voriations in
thege foctors is still within the 1limits demonstrably

favor -ble in other garts of the vworld for endemicity of

A. duod-nsle (Diesfeld, 1970; Daniel, 1977).

A fundementa. faet in hookvuorm endemicity is that soil
pollution meintains the life-cycle of the parasites. It
needs to be considered then whether, with a generally
favorable climate, the differences in the copacity of
N. zmericenus ond A. duodenole to maintein themselves and
spread in different ports of the regions mey be essociated
with the choracter of the zoils of the regions.

#lsewhere, Kellar gt gl. (1940) undcrtook a re-survey
in 8 southern Americ.n stotes of the hookworm situ bion in

the pariod 1970-.28, exsmining over 400,000 persons. They
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concluded that " while there is a wide spread distribution of
hookworm, the areas of highegt incidence are confined to the
coastel plain and gsandy-soll areas of each sgite." Their
observotion relate to where the infective agent is N. americanms
and they emphasize o fevorable reletionship between

No omericanus parasitism ond sandy soil, Vieirs and fraga

De Azvedo (1966) slso report that hookworms (N, americsanus)

were most common in soils which contsined more organic
mather.

No comperable data are aveil:ble for A, duodencle.
Xim (1965) and Vinayak et 21, (1979) found higher hookworm
prevalence where both species are present and vhere soils had
more sond, bub did not report any generic predilection.

Kccording to Hsieh of al. (1971), N. americanus showed
high incidence and intensity in all p-rts of ILiberia,
regardless of demonstrobly different textural characterstics
of the soil in different regions, Instead, A. duodcnale was
found to be highest in the villages where the percentage of
sand in the upper surfosce soil was 90 or higher, or the
percentage of cloy was below 10¢, Whether the accompanying

chenge in smount of organic metter played a role was not clesr.

It is obvious that differences in the cley, silt, assnd
and organic matter of the soil may greatly affect such
phygical properties of the soil as porosity, aeration, moisture
condition, density, etc. These differences doubtless iniluence

the diffusion rate of oxygen and carbon dioxide into and from
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the soil. VWhen studying helminthiasis one has to toke note
of these factors.
In the regions of this study ther:e ore no reports on

gtudies of soil textures. This nwaits the fubure.

Perhaps, of greater consequence ig the besring this study
makes availehle in the study of problems of c¢linical and non-
clinic2l hoolkorm in pre- and post~ treatment phases, on The

efficacy of drugs and other related problems.

=i - Py

infection in Gondar Region and in 21l c2ses in Gojam Region,
coutine single-dose therspy ageinst hooltworm when faecal
gpecimen are not cultured for larval idsntification should be
with tetrachlorethylene or other drugs active againgt
No americonug selectively. WEO (1963) reported tetrachlor-
ethylene hes been found more selective against Necabor species
than bephenium hydroxynaphtﬁosteo

It was found by this study that there are éignificant
differences in infection with hookworm between high and low
altitude areas., Infection was Tound to be lower in highlond
then in lowland areas, thus suggesting thet climate/altitude
factors pilhy on importent role in the transwission, The
possgibillty of exploiting the climnte/altitude facthrs in the

designs for humon settlements deservss consideration if this

does not conflict with developmental endeavours.
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