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ABSTRACT

A community based case-control study to investigate the
relationship between hookworm infection and anaemia was
carried out on 227 apparently healthy individuals living
around Wolisso area. Of these subjects 155 were cases
(individuals infected with hookworm) and 72 were controls
(uninfected). It was found that 20.6% of the cases and 5.6%
of the controls were anaemic. Chi-squared analysis showed
hoockworm infection was significantly associated with low
haemoglobin (odds ratio = 4.42, P<0.05),10# transferrin
saturation (odds ratio = 17.18, P<0.001) and low ferritin
levels (odds ratio = 14.98, P<0.01). Intensity of infection
as expressed in eggs per gram (epg) of faeces showed a highly
significant negative relationship with transferrin saturation
and serum ferritin levels (P<0.001) but not with haemoglobin
levels (P>0.05). When multiple criteria involving elevated
mean corpuscular volume (MCV), mean corpuscular haemoglobin
(MCH) and macrocytic blood picture were taken as suggestive
of a macrocytic type of anaemia, 13.0% of the cases and 5.6
% of the controls fell into this category. chi-squared
analysis however, showed no statistically significant
association between parameters suggestive of macrocytic
anaemia and hookworm infection (odds ratio = 2.54, P>0.05).
Further investigation is recommended to clearly indicate the
role of hookworms in the genesis of megaloblastiC“anéemia by

employing better biochemical assays.
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The intensity of infection was light and the anaemia was

generally of mild type.




1. INTRODUCTION
1.1 Anaemia

Anaemia is of major public health importance throughout
the world (DeMaeyer and Adiels-Tegman 1985)}. According to the
World Health Organization (WHO 1972), anaemia is defined as
a condition in which the concentration of haemoglobin,
haematocrit or the number of red blood cells is lower than
that in healthy persons of the same sex and age group in the
same environment. Anaemia is an important public health
problem in that it challenges the well being of individuals
and can affect cognitive function (Pollitt et al. 1986),
immune function (Dallmén 1987) and also work performance

(Viteri and Torun 1974).

Anaemia may result from decreased production of red
blood cells, or from their increased destruction, or fronm
loss through chronic blood loss or haemorrhage (Seiverd 1983,
Rifkind et al.1986). Decreased production of red blood cells
can be due to either the failure of the bone marrow to
produce the normal number of cells or a deficiency of
haemopoietic factors mainly iron, folate and vitamin B,,
(Seiverd 1983, DeMaeyer and Adiels-Tegman 1985, Evatt et al.
1992)., The common causes of anaemias due to increased red
cell destruction called the haemolytic anaemias, include

congenital defects of haemoglobin production (Sickle cell
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anaemia and thalassemia) and other extrinsic causes including
malaria infection and autoimmunity (Evatt et al. 1992).
Chronic blood loss caused by parasites such as hookworms and
also schistosomes is also implicated in the aetiology of
anaemia in the tropics (Woodruff 1982, DeMaeyer and Adiels-

Tegman 1985).

Nutritional anaemia, that is, anaemia due to a
deficiency of haemopoietic factors, is by far the most
important common type of anaemia world wide (WHO 1968, 1972,
1675). WHO has defined it as follows : "Nutritional anaemia
is a condition in which the haemoglobin content of tﬁe blood
is lower than normal as a result of a deficiency of one or
more essential nutrients, regardless of the cause of such

deficiency (WHO 1992).

Nutritional deficiency of folate and less commonly
Vitamin B,, are the major causes of megaloblastic anaemia
(Herbert 1970, Evatt et al. 1992). Foodstuffs with the
highest content of Vitamin B,, are liver and kidney, but other
meat, dairy products, poultry, fish and shellfish also
contain large amounts., Folic acid is present in most foods;
bananas are particularly rich in folic acid (WHO 1970, 1972,
Evatt et al. 1992). But folates are heat labile and can be
destroyed by prolonged cooking (Herbert 1970). Diagnosis of
megaloblastic anaemia is possible from the peripheral blood

smear examination which should be confirmed by bone marrow
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examination, the red cell indices, serum Vitamin B;, and
folate levels and also by therapeutic trials. Although it is
difficult to obtain an accurate one, dietary history is also
guite important in the evaluation of megaloblastic anaemia or
nutritional anaemia in general. 1In the absence of extensive
laboratory facilities for the biochemical tests and
électronic counters which enable the calculation of reliable
red cell indices, the findings of oval macrocytes,
particularly when accompanied by neutropenia, hypersegmented
neutrophils, relative lymphocytosis and sometimes
thrombocytopenia, suggests megaloblastic anaem_ia (Wintrobe et

al. 1981, Evatt et al. 1992}.

Iron deficiency anaemia 1is the most commonly
recognized form of nutritional anaemia world wide. It mainly
affects women of reproductive age and young children, due to
their increased physiological demand for iron {(WHO 1968,
1972, 1975, DeMaeyer and Adiels-Tegman 1985, WHO 1989, 1992).
The United Nations Administrative Committee on Coordination-
Subcommittee on Nutrition (UN ACC/SCN 1991) agreed that iron
deficiency affects over one billion people in the world,

particularly reproductive women and pre-school children in

tropical and sub-tropical zones. It results from consuming
diets with insufficient iron, reduced dietary iron
availability, increased iron requirements to meet

reproductive demands and losses due to parasitic infections;

these factors often operate concurrently (UN ACC/SCN 1991).
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Iron deficiency anaemia is a slowly evolving condition
which passes through three progressive stages, namely the
prelatent stage, the latent stage and the manifestation of
iron deficiency (Siimes et al. 1980, Wintrobe et al. 1981,
Cook 1982, Finch and Cook 1984). The prelatent stage of iron
deficiency is characterized by the depletion of body iron
stores, The second stage results from a diminished iron
supply to the developing red blood cells, but occurs in the
absence of a significant effect on circulating haemoglopin
levels. When prolonged, iron deficiency leads to the last
stage, that is the development of iron deficiency anaemia .
The three staées can be monitored in the laboratory by the
measurements of serum ferritin, transferrin saturation or
erythrocyte protoporphyrin and haemoglobin respectively (Cook

1982, Finch and Cook 1984, WHO 1989).

Generally, anaemia constitutes a considerable problem of
public health throughout the world, especially in developing
countries (DeMaeyer and Adiels-Tegman 1985). Data collected
indicate that, according to WHO criteria a total of 2,170
million people are anaemic (WHO 1992), According to this
report, prevalence rates are higher in developing than in
industrialized countries. The regions with the highest
overall prevalence of anaemia are South Asia and Africa. 1In
Africa the estimated prevalence of anaemia ranges from 20% in
adult males to 63% in pregnant females (DeMaeyer and Adiels-

Tegman 1985},
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In Ethiopia, anaemia has not been considered as a
serious public health problem (Hofvander 1968, Peters 1984,
Fleming 1989). This was largely attributed to the high iron
content of teff, mostly the result of contamination with iron
rich clay soil (Besrat et al. 1980, Alemayehu et al. 1993),
whose Dbioavailability is enhanced by the process of
fermentation during the preparation of enjera, a local home-

made bread (Ramachandran and Bolodia 1984).

Even if the prevalence of anaemia in the general
population is not known, meager information are obtained from
various sources including analyses of medical admissions to
varidus Ethiopian hospitals. Although analysis of hospital
admissions is not the best method of studying the disease
pattern in a community, an incidence rate of less than 1% has
been reported (Tefera and Abdulkadir 1968, Habtegabir et al.
1976, Lester and Tsega 1976). On the other hand, Molineaux
et al. (1966) analysed medical admissions to the Gondar
hospital and showed an incidence of about 3.7%, the main
causes being hookworm infection, nutritional iron deficiency,
pernicious anaemia, and anaemias secondary to chronic

infections.

Shamebo (1987) reported anaemia, excluding anaemia due
to chronic diseases, as one of the common haematological
disorders in hospitalized patients accounting for 21.1% of

these disorders. Iron deficiency anaemia, megaloblastic
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anaemia mostly due to folic acid and also vitamin B,
deficiencies and haemolytic anaemia, due to Plasmodium
falciparum (in most of the cases) and autoimmunity, were the
common types of anaemia reported (Shamebo 1987). Included in
the list were also aplastic anaemia and leukoerythroblastic
anaemia, but no cases of haemoglobinopathies (Sickle cell
anaenmia or thalassemia) as in the previous reports in
Ethiopia (Lester and Tsega 1976, Abdulkadir 1977) were

observed.

Community based studies, however, indicated a relatively
high prevalence 6f anaemia (40.5%) from northern Ethiopia
(Zein and Assefa 1987). Similarly, a prevalence rate of
47.2% in children was reported from this same locality by
Zein Abhmed (1991). Moreover, nutritional anaemia was also
indicated as a public health problem. Even higher rates of
57% have been reported in high risk groups such as pregnant
women in rural Ethiopia (Desalegn 1993, Wakbulcho et al.
1993). Whereas previous reports by Gebermedhin et al. (1976}
(Cited in Peters 1984) indicated the rarity of anaemia in
pregnancy which was latter challenged by Peters (1984) who

reported an anaemia rate of 23% in pregnant women.

In general the conclusions given about the situation of
anaemia in Ethiopia seem contradictory. Ethiopia being in
the tropics, where the prevalence of anaemia is generally

believed to be high (Woodruff 1982), it could be assumed that




7
anaemia would be fairly common. This would be so when it is
considered that teff, which is accounted for the rarity of
anaemia by most authors, is not a staple diet in many parts
of the country. Furthermore, studies have revealed that iron
absorption from plant diets is generally less than from
animal diets {(Layrisse et al 1969, WHO 1989) and as in many
developing countries {(WHO 1989) animal diet intake is lower,
even negligible among many rural communities (Bekele et al.
1993). In the absence of prevaience data representing the
whole country the observed different conclusions are not
unexpected. This is because of the differences in social,
economical and cultural conditions of the population in

addition to the high prevalence of parasitic infestations.

Anaemia is known to be multifactorial. Particularly in
tropical countries, blood 1loss caused by helminthic
infections such as hookworms and schistosomes and malaria
infection are the common factors {Woodruff 1982).
Epidemioclogical data regarding the common aetiological
factors of anaemia in Ethiopia, are scanty. Woldegebriel and
colleagues recently concluded that unlike in many developing
countries, nutritional anaemia is not a problem of major
concern to the country. In their study conducted in central
Ethiopia they reported about 18.6% prevalence of clinical
anaemia in children which, according to these authors, is due
to the effect of infestation with intestinal parasites and

malaria (Woldegebriel et al. 1993).
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Intestinal parasitism and malaria are not uncommon in
the country (Nega 1993, Kloos and Tesfayohannes 1993). Among
the intestinal parasites, hookworms are implicated as the
most important determinant of anaemia in areas where diets

are generally inadequate of iron (WHO 1968, Woodruff 1982).

1.2 Hookworms

Hookworms, "the important but much neglected, intestinal
nematgdes of man" (Sturrock 1992), are one of the most
prevalent soil-transmitted helminths of man affecting about
one billion people worldwide (qilles 1985). They are highly
prevalent in the less developed tropical and subtropical
parts of the world, owing to the favourable climate and soil
conditions and also poor hygienic conditions (Gilles 1985,

Pawlowski et al. 1991).

Hookworm infection is among the ten most common
parasitic infections in the world, ranked next to amoebiasis

and ascariasis (Bunnag et al. 1987).

Two species of hookworm, Ancylostoma duodenale and
Necator americanus, which flourish where poverty,
malnutrition, poor health awareness and inadequate sanitation
prevail, infect humans (Pawlowski et al. 1991). Humans

transmit hookworms by faecal contamination of the soil. The
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eggs which pass in stools, undergo a progressive development
to the infective larval stage under favourable conditions,
that is, in warm and moist soils. Infection 1is acquired
mainly by skin contact with contaminated soil though other
routes such as oral (Pawlowski et al. 1991) and transmammary
{Miller 1981) has been suggested for infections with
A. duodenale. Meat borne ancylostomiasis has been shown to
occur in animals and possibly it occurs in humans, although
this has yet to be proved (Gilles 1985). The infective
larvae after penetrating the skin migrate through the blood
stream to the lungs. From the lungs they are passively
carried upwards to the trachea, larynx and into the esophagus
and then to thg small intestine, where they mature. The
adult worms live in the small intestine, mainly in the
jejunum, attaching themselves to villi. Further details of
the life history are described elsewhere (Hogland and Schad

1978, Gilles 1985, Pawlowski et al. 1991).

Even though a dermatitis known as ground itch or coolie
itch at the site of larval penetration and mild pulmonary
symptoms, due to larval migration through the lungs may
occur, the main feature of established infection 1is the
development of anaemia and also hypoalbuminaemia (Gilles

1985, Pawlowski at al. 1991).

Chronic blood loss into the small intestine and the

ingestion of blood by the parasites are the major factors in
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the aetiology of iron deficiency anaemia world wide (Foy and
Kondi 1960, Roche and Layrisse 1966). The loss from the
attachment site is now known to be facilitated by the
secretion of a proteolytic anticoagulant in the case of
A. duodenale (Hotez and Cerami 1983). rThe estimated daily
blood 1loss per worm is 0.14 - 0.26 ml (mean 0.20 ml)
for A. duodenale and 0.02 - 0.07 ml (mean 0.04 ml) for
N. americanus. The large amount of blood loss caused by
A. duodenale as opposed to N. americanus is attributed to the
large size, toothed mouth part, production of powerful
anticoagulant and more migratory habit which leaves more

bleeding sites, of the former species (Foy and Kondi 1961).

1.3 Hookworm infection and anaemia

The first demonstration, on a very large scale, that
hookworms can cause severe and widespread anaemia was in 1880
(qouted in Pawlowski et al. 1991). puring this time an
epidemic of anaemia occurred amongst labourers digging the
Saint Gotthard tunnel in Switzerland. Furthermore, possible
explanation for the so called "miners anaemia" which was
prevalent in many European countries at that time was given.
Mining and tunnel construction are considered as occupational
activities which favoured transmission of the parasites due
to the regular contact with water and moist soil (WHO 1963,

1987, Pawlowski et al. 1991).
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Since its first demonstration, in the early 1900‘s, a
series of studies in different parts of the world have been
carried out on the association of hookworm infection and
anaemia. It has been universally reported that the type of
anaemia associated with hookworm infection 1is of iron
deficiency type with a typical hypochromic and microcytic
blood picture (Lehman 1949, Foy and Kondi 1960, Layrisse
et al. 1961, Roche and Layrisse 1966, Gilles 1985, Pawlowski

et al. 1991).

There are also a few reports, though not well
established, suggesting the associations of heévy hookworm
infections with deficiencies of vitamin Bu_énd folic acid
(Borrero et al. 1961, Saraya et al 1972); mnegaloblastic
changes in the bone marrow of hookworm infected individuals
have also been observed by Roche and Layrisse (1966). In
addition, impairment of folic acid absorption has been
detected in heavily infected Venezuelan subjects (Layrisse et
al. 1964) suggesting the role that may be played by hookworms
in the aetiology of megaloblastic anaemia. In a previous
investigation carried out by Lehman (1949) on 44 anaemic
patients, it was indicated that hookworm énaemia can exist
without iron deficiency and recovery from macrocytic anaemia
was possible after removal of a certain lcad of worms. Other
than these few possible suggestions most of the studies are
in favour of the iron deficiency type of anaemia due to blood

and iron losses.
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Roche and Layrisse (1966) based on their own extensive
work in Venezuela and on a review of published evidences
concluded that, the type of anaemia due to hookworm infection
is iron deficiency type. They also concluded that for many
parts of the world there is a significant association between
haemoglobin level and egg counts. However, the threshold
levels of the ova load at which the association between
haemoglobin level and egg counts are demonstrated vary. For
example 2000 eggs per gram (epg) of faeces for females and
children and 5000 for males in Venezuela (Layrisse and Roche
1964) and 5000 epg in rural Nigeria (Udonsi 1984). Even
higher threshold levels of above 5000 epg were observed in
Fiji, Sierra Leone and in Nigeria in studies gquoted by Gilles

(1975).

Studies have shown that hookworms were contributory to
most of the iron deficiencies seen in anaemic patients from
Mulago hospital, Uganda (Lehman 1949), coast province
hospital in Mombasa, Kenya (Foy and Kondi 1960), Mauritius
(Stott 1961), Dar-Es-Salam (Rowland 1966), Gambia (Topley
1968), Nigeria (Werblinska and Fleming 1979) and Zambia

(Fleming 1989).

Lehman (1949) investigated 44 severely anaemic patients
in Uganda of which 32 (72.7%) were found to have iron
deficiency anaemia due to hookworms. A similar finding was

reported by Werblinska and Fleming (1979) form Nigeria where
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iron deficiency was primarily the result of hookworm
infection in 70.8% of their anaemic patients. Whereas
Fleming (1989) found only one-third of the iron deficiency in
the iron deficient severely anaemic pregnant Zambians

attributed to hookworm infection.

Foy and Kondi (1960), employing radioisotope studies on
15 anaemic adult hospital patients in Kenya, showed the type
of anaemia to be iron deficiency. They also demonstrated
that species type and worm burden to be of paramount
importance in governing the magnitude of blood loss. In fact,
others revealed the importance of hookworms even ih light
infections when the dietary iron content is low (Stott 1961).
In his study involving 284 anaemic patients of which 88% had
hookworm infection, Stott (1961) found that comparatively
light hookworm load to be of importance since the diet was
found to be low in iron. Unlike Stott (1961) who observed no
significant correlation between intensity and degree of
anaemia, Topley (1968) demonstrated significant association
(r = 0.66) between low haemoglobin and hookworm infection
with egg count above 1600 epg in rural Gambia. On the other
hand, evidence for such associations came from studies
involving patients with heavy hookworm infection with an egg
count above 5000 epg in Venezuela (Layrisse et al. 1961,

1964) and above 11,000 in Colombia (Borrero et al, 196l1).

In addition to studies on patients, mentioned so far,
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community based studies revealed a significant relationship
between hookworm load and anaemia (Layrisse and Roche 1964,
Latham et al. 1983, Udonsi 1984, Stephenson et al. 1985,

Srinivasan et al. 1987, Foo 1990).

Layrisse and Roche (1964) studied 1142 rural Venezuelans
and found significant relationship between circulating
haemoglobin levels and hookworm load represented by above
2000 epg for women and children and above 5000 epg for adult
men. Similar findings were reported by Udonsi (1984) from
Nigeria, Foo (1990) from Malaysia, the former involving large
number of individuals form all age groups and the latter
primarily school children. The findings of Foo (1990) also
suggests that hookworm may be an important deteéminant of
chronic proteiﬁ-energy malnutrition as well. This is due to
the fact that, in this study in addition to having a
significantly lower haemoglobin, children with hookworm
infection were significantly shorter in height and lighter in

weight than children without the infection.

Not only does heavy hookworm infection is related to
anaemia, but a significant association between light hookworm
infections and anaemia has been reported from one of the
destricts of Kenya (Latham et al. 1983) and India (Srinivasan
et al. 1987). The respective egg intensities harboured by
the majority of the study subjects of Latham et al. (1983)

and Srinivasan et al. (1987) were less than 500 and 1000 epg.




15

In contrast to the above reports, for various reasons a
number of authors have reported absence of a statistically
significant association between hookworm infection and
anaemia from several countries : from South Africa (Mayet and
Powell 1966, Mayet et al 1985), Georgia (Martin 1972), Kenya
(Latham et al. 1983), South Benin (Herceberg et al. 1986),
Guinea Bissaw (Caristensen et al.'1987), North Peru (Johns
and Lewis 1989), Thailand (Egger et al. 1990, Sanchaisuriya
et al. 1993), Papua New Guinea (Pritchard et al., 1991) and

Panama (Robertson et al. 1992).

The justification given by most of these workers for the
lack of correlation was the low intensity of infection
(Latham et al. 1983, Herceberg et al. 1986, Pritchard et al.
1991, Robertson et al. 1992, Sanchaisuriva et al. 1993).
Nonetheless, even at lower intensities the effect of hookworm
was observed to be aggravated and to cause anaemia by other
factors such as low iron status of the study population
(Stott 1961} and the co-existence of other parasites such as
Trichuris trichiura (Robertson et al. 1992) which could
interfere with the reabsorption of the iron in the lower
intestine. Robertson et ai. (1992} reported that children
with concomitant T. trichiura and hookworm infections were
significantly more likely to have blood hemoglobin levels
indicative of anaemia than children who are uninfected or had
single infections with either of these helminthes except for

heavier T. trichiura infections (>5000 epq).
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In the case of the study in Georgia (Martin 1972)
adequate diet was the contributory factor for the lack of
statistically significant association between hookworm
infection and anaemia. Whereas in the South African studies
nutritional factors are found to be of importance than
hookworm infection (Mayet and Powell 1966, Mayet et al 1985).
The other authors (Carisfensen et al. 1987, Johns and Lewis
1989, Egger et al. 1990) did not have information with regard
to intensity of infection, i.e., no egg count was provided,

which they indicated as a limitation of their study.

Pritchard et al., (1991), employing both egg counts and
counts of expelled worms as a measure of intensity of
infection, found no consistent correlation between
haemoglobin level or haematocrit and measures of hookworm
intensity (i.e, neither egg count nor worm burden). They
also found no significant relationship between plasma
ferritin and egg count. However, they demonstrated a
significant negative correlation between plasma ferritin and
hookworm burden. This result suggests that estimation of
hookworm burden in association of ferritin levels reflects
more accurately the degree of progressive iron deficiency in
the infected populations . It also suggests the importance
of an accurate measurement of hookworm burden, instead of egg
counts, in assessing the role of hookworms in the aetiology

of anaemia.
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Regarding the effect of hookworms on the other major
haemopoietic factors other than iron , there are a few
documentations. For example, Herceberg et al. (1986)
reported no significant relationship between egg count and
folacin status, while Mayet and colleagues (1985) reported
the absence of any relationship with vitamin B,, levels
though the effect of heavy hookworm infection on these two
nutrients have been indicated earlier (Borrero et al. 1961,
Layrisse et al. 1964)., Here also the same reason which was
given for the absence of association between iron status
parameters and egg count held true. That is, Herceberg et
al (1986) attributed the absence of association to the low
intensity of infection. Whereas other confounding factors
for anaemia were of importance than hookworm infection to
affect the vitamin B,; levels in the case of Mayet and

colleagues'’ (1985) study.

Generally, not all infected individuals suffer from the
life~-threatening anaemia that reflects heavy burdens of
hookworms. Development of hookworm anaemia depends on the
iron content of the human diet, the state of the iron
reserves, other iron losses, the type of species and the
intensity and duration of infection (Gilles 1985, Pawlowski
et al. 1991). In other words it depends on a balance between
iron utilized by the body for haemoglobin production and that
which is 1lost via the hookworm, other channels of loss

probably being negligible (Roche and Layrisse 1966).
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With regards to the situation in Ethiopia, both A.
duodenale and N. americanus are known to exist; but the
latter is significantly more common (Armstrong and Chane
1975, Jemaneh and Tedla 1984, Tedla and Jemaneh 1985) though
in some localities A. duodenale is reported as the dominant
species (Wondimagegnehu et al. 1992)., Hookworm infections
are widespread particularly in the hunid western and
southwestern low lands, where coffee and tea plantations are
largely practiced. And higher infection rates between 60%
and 80% were reported from Kefa, Welega and Illubabor (Kloos
and Tesfa-Yohannes 1993) and even over 80% in Western Shoa
(Wolisso) (Integrated family planning, health education and
parasite control project (IP) base-line report 1990,

Taticheff et al. 1992).

Hookworm infection, which is regraded as an occupational
disease of the farming community in many tropical countries
(Gilles 1985), is also reported as a serious occupational
health hazard in the Awash Valley agricultural development

schemes (Kloos et al. 1980, Wondimagegnehu et al. 1992).

The main pathologic feature of hookworm infection is
Known to be anaemia (Gilles 1985, Pawlowski et al. 1991).
And anaemia reduces the ability to perform energy demanding
tasks because of the reduced amount of oxygen delivered to
tissues (Viteri and Torun 1974). Despite the high prevalence

of hookworm in the irrigation development schemes (eg. the
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cotton Scheme, Wonji and Metehara sugar plantations, the
Awara Melka cotton / fruit farm and Melka Sedi banana
plantations) or the farming community in general, and the
debilitating effect of its important sequel anaemia, the
association between the two is not well assessed and

documented,

The available information in Ethiopia is obtained either
from hospital patients (Molineaux et al. 1966, Seboxa et al.
1986, Kahssal and Woldesemayat 1991), which are generally
regarded as unsatisfactory representatives of a population
(WHO 1972, Hennekens and Buring 1987), or from a community-
based study with its own limitations indicated by the authors

(Bulto et al. 1992).

Molineaux and colleagues (1966) by analysing medical
admissions to the Gondar hospital between the years 1963-1965
(3508 patients) reported hookworm anaemia to be the major
cause of the anaemias encountered. Another study conducted
on one-hundred consecutive out patients 1in the same
administrative region revealed a significant negative
correlation between haemoglobin level and egg load (r= -0.47)
(Seboxa et al. 1986). 1In this study, all the patients were
found to have hookworm infection with wmean egg loads of
11,392 (range 150 - 91,100). These workers concluded the
type of anaemia to be iron deficiency from the clinical

pictures, the peripheral blood morphologies and bone marrow
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examinations. Similar conclusion was given by others from
southwestern Ethiopia where patients with severe hookworn
were found to respond rapidly to iron therapy suggesting the
type of anaemia to be of iron deficiency type (Kahssai and
Woldesemayat 1991). In view of the scarcity of other
community based studies regarding the association between
hookworm infection and anaemia, these hospital based studies
can shade some light on the existence of the problem in the

country.

A better picture regarding the relation of hookworm and
anaemia‘in a community was provided by Bulto and Co-workers
(1992) in a study undertaken in Gambella. Even though these
workers didn’t take care of the effect of other confounding
factors which can result in anaemia, and also didn’t provide
data on egg intensity, they showed a significant association
(odds ratio 2.65) between 1low haematocrit and hookworn

infection in the resettled population.

In addition to the short comings stated above, the study
of Bulto and colleagues (1992) lack information on the nature
of the anaemia since the only parameter used was the
haenatocrit. This parameter indicates only the presence or
absence of anaemia (Evatt et al. 1992) but not other
conditions such as the type of anaemia and the progressive
stages of anaemia. Utilization of only simple measurements

such as haemoglobin and haematocrit could oversimplify the
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omitted on account of taking anthelmninthic treatment which

was distributed by IP.

The subjects were interviewed using a simple
guestionnaire, Hookworm infected individuals were treated
with Mebendazole (Vermox *) with the standard dose of 100 mg
twice a day for 3 days as recommended (Gilles 1985).
Moreover, those with a haemoglobin value below the cut-off
levels (WHO 1972) were also given ferrous gluconate tablets

through the health center.

The project protocol was evaluated and accepted by the
Ethical committee of the National Research Institute of

Health (NRIH).

2.2 Sample collection

Faecal samples were collected in a pre-coded screw
capped plastic containers and processed at the field
laboratory on the same day of collection for examination by

the Kato thick smear method (Martin and Beaver 1968).

Approximately a total of 15 cc of venous blood was
collected from each subject into two tubes using the
vacutainer system (Venoject, Terumo, Belgium). About 5 cc of

the blood was collected into one of the tubes containing
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limitation is that, the delicate, thin-shelled hookworm eggs
usually disappear soon after the thick smear has become clear
enough for examination. Eggs may have become invisible after
60 minutes (Pawlowski et al 1991). However, in the present
study all possible measures were taken to read the
preparations in time. Fach stool from each cup was
transferred to a piece of disposable paper and filtered
through a disposable sieve using applicators. Each sample
was then applied on a card plate with a hole, placed on a
slide, that can hold about 43 mg stool. After removing the
card plate, the faecal_sample was covered with a Célldphane
strip which has been soaked in glycerine-malachite green
solution at least 24 hrs. The preparation was then pressed,
to spread the smear, using another slide until evenly.
distributed and allowed to clear for about 30 min before
reading. A single slide was prepared for each suject. The
number of hookworm eggs per slide were counted and
multiplied by 23 to obtain the number of eggs per gram (epg)

of faeces.

Malarial infection was determined from thick and thin
smears stained with Giemsa stain following standard
procedures (WHO 1980). Based on this, one individual who was
found to be positive for Plasmodium falciparum species was

excluded during the selection of cases and controls.
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2.4 Haematological analysis

Haematolgical assays were performed using Coulter
counter model T-540, which automatically dilute, lyse and
count the white blood cells (WBC), the red blood cells (RBC),
the platelets (Plt), and measures the haemoglobin (Hb)
content and the haematocrit (Hct) (Instruction manual for
Coulter counter 1989). The red cell indices, i.e, the mean
corpuscular volume (MCV), the mean corpuscular haemoglobin
(MCH) and the mean corpuscular haemoglobin concentration
(MCHC) were calculated from the values of RBC, Hb and Hct

using the following standard formulae (Seiverd 1983).

HCV = Het reading X 10

RBC in million / cumm

MCH = Hb in gram 0. _cc X 10

RBC in million / cumm

Il

MCHC Hb in gram / 100 cc¢ e 100

Hct reading

The slides were stained by the May-Grunwald Giemsa stain
and inspected for any morphological abnormality;

abnormalities were recorded as slight, moderate or marked
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according to Seivered (1983). The percentage of the
different white cells were determined by counting 200 cells

per slide.

2.5 Biochemical analysis
2.5.1 Ferritin assay

The biochemical analysis was carried out within two
months of sample collection. Ferritin concentration was
determined by an enzyme linked immuno-sorbent assay, ELISA/2-
step sandwich assay, using kits suppllied by Boehringe;‘
Mannheim GMbH, Germany on ES 300, a fully automated
multibatch immunoanalyser. Parallel with the test sera,
control plasmas with both high and low ferritin values were

run for quality check.

2.5.2 Serum iron determination

For serum iron determination various methods were sought
and the one which is discussed in Evatt et al. (1992) was
adopted for it was possible to get a suitable standard
control plasma to check accuracy and reproducibility of the
procedure. This procedure employs ferrozine as a coloring

reagent and is based on conparing the color that develops
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when the iron (ferrous) in serum is treated with a chromogen
reagent, with that which develops from a standard iron

solution.

Determination of serum iron is based on the principle
that at an acid pH and in the presence of a suitable reducing
agent, transferrin bound iron (Fe*) dissociates to form
ferrous ions which when reacted with ferrozine form a color
complex with a peak absorption near 560 nm. Based on this

principle the procedure used was as follows.

The test sera which were kept at ~-20°c was first allowed
to thaw and mixed and then 0.5 ml was dispensed to each of
labelled iron-free tubes [that is, tubes which had been
cleaned following standard procedures (Evatt et al 1992)].
To each of these tubes and to two other separate tubes each
containing 0.5 ml iron standard solution (product of
bioMerieux, France containing 1 mg/l iron) and 0.5 ml
distilled water (blank), 0.5 ml of protein precipitant was
added. Each tube was mixed vigorously, using a vortex mixer,
for at least 1 min and allowed to stand for 5 min. Tubes
containing test samples were centrifuged for 10 min at 3000
rpm to obtain a clear supernatant. Then 0.5 ml of the serum
supernatant and 0.5 ml of the contents from each of the tubes
containing the standard and the blank was dispensed into
separate tubes and to each of these 0.5 ml of the chromogen

reagent was added. Each tube was then mixed well and stood
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for 10 min. Finally, the absorbance was read at 550 nm
against the blank, using Coulter Kem=O-mat, after
transferring the contents of each test tube into new
cuvettes, and the total serum iron was calculated using a
standard formula (see bhelow). With each batch of test a

control plasma was run to check the quality.

I

Serum iron (mg/l) A Sample X n
A Standard
A = Absorbance

n = Concentration of iron standard

2.5.3 Total iron binding capacity (TIBC)

The principle behind the measurement of the TIBC is
first saturating the transferrin by an iron solution and then
adsorbing the excess iron and finally determining the total
iron in the supernatant using one of the serum iron

determination procedures (Piccardi et al 1972).

The first step, that is saturation of transferrin was
done using a kit (TIBC additif product of bioMerieux,
France), which contains saturating iron solution and an
adsorbent, magnesium hydroxycarbonate, Then for the

determination of the TIBC, the method for the determination
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of iron discussed by Evatt et al. (1992) was followed.

To each of an iron-free labelled tubes, 0.5 ml of test
serum was dispensed. To all tubes 1 ml of saturating iron
solution, containing 5 mg/l iron, was added, mixed and stood
for 5 min. Then 1 level spoonful magnesium hydroxycarbonate
was added to each tube to adsorb unbound iron, allowing to
stand for 20 min, shaking intermittently and then centrifuged
at about 3000 rpm for 10 min., The supernatant obtained was
treated as serum by following the method discussed above for
the determinatioﬁ of serum iron and finally the TIBC was

calculated using the following standard formula.

TIBC (mg/l) = A TIBC Sample X n
A sStandard
A = Absorbance
n = concentration of iron standard x serum dilution
used in iron determination factor

2.5.4 Transferrin saturation (TS)

The transferrin saturation was calculated for each study
subiject from the values of the total serum iron and the TIBC.

This value was obtained by dividing the serum iron
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concentration by the TIBC, and multiplying by 100 to express

the result as a percentage (WHO 1989).

2.6 Statistics

Data entry and analysis were done using a Dbase III' and
SPSS Pc” programs, respectively. Statistical methods employed
include: Chi-squared (X*) test for investigating
associations, one way analysis of variance (ANOVA) for
testing differences between means; t-test to compare
differences between two means and F-test for comparing group
means, and correlation analysis for testing relationship
between variables. A P-value less than 0.05 was taken as
statitically significant. As the distribution of ova count
was very skewed, the mean egg count was éalculated after
logarithmic transformation, however, the results are

presented in the original units.
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3. RESULTS

3.1 Characteristics of the study population

The study population, aged 15 to 75 years, was composed

of three ethnic groups. 94.4% were Oromo, 4.8% Amhara, 0.4%

Gurage and 0.4% mixed (Amhara and Gurade); and all were

chrigtians. The age and sex distribution of the study
population is depicted in Table 1. The ratio of male to
female was 1.18 : 1. Farmers constituted 52.4% of the

subjects, housewives'21.1%, students 17.7% and miscellaneous
occupations 8.8%.
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From the dietary 1nformat10n, uhe ma)or s»aple dlctrwas
Kocho (60.0%) followed by malze (29 1%),fteff (8:4“) and a
nixture of Kocho, maize, teff ana sorghum (p,,,[ Heat was
almost absent in the diets of 86s89 of -the subjects.’ Wherea§
milk and milk products consumption was found to be better in
that about 85% of the subjects got these products. Legumes
particularly vetch were the major constituents of the diets
though cabbage and tomato were reported toc be eaten

seasonally. Most of the subjects (87.2%) confirmed the lack

of fruits in their diets.
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Table 1. Distribution of the study population by age and

sex.

Age Cases® Controls
(Years) Male Female Total Male Female Total
15-29 42 26 68 19 23 42
30-44 14 19 33 8 6 14 ;
45~59 17 15 32 8 6 14

60" 14 8 22 1 1 2
All subjects 87 68 155 36 36 72 H

* cases are individuals who are positive for hookworm ova.
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negatively with the total iron binding capacity. Of all the
parameters, a very strong correlation was found between
haemoglobin and haematocrit (r= 0.977, P<0.001); hence
haemoglobin wvalues were taken to classify individuals as
anaemic and non-anaemic. Correlation between the percentage
saturation of transferrin and the serum iron levels was also

strong (r= 0.840, P<0.001).
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Table 2. Mean and standard deviation values for

haematological measurements of cases and controls.

Parameters® cases Controls
: .
(n=155) (n=72)
RBC 4.62 (0.09) 4.85 (0.42) < 0.01
Hb 14.33 (1.41) 14.87  (1.09) < 0,01
JHct 42.99  (4.27) 44.60  (3.37) < 0.01
I mcv 93.08 (4.47) 103.75  (99.17) NS
MCH 31.06 (1.77) 30.28  (3.81) < 0.05
MCHC 33.36 10.97) 33.35 (0.67) NS
Plt 313.42  (95.81) | 297.15  (85.38) NS
WBC 7.83  (2.91) 7.65 (2.45) NS

® The units for haematological parameters are as follows:
RBC = x 10**/L, Hb in g/dl, Hct in %, MCV = femto litre
(fl), MCH = pico gram (pg), MCHC = g/dl, WBC = x 10°/L,
Pl1t = x 10°/L. Figures in parentheses are standard
deviations.

* t-test for significant difference between means. NS for
non-significant difference.
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Table 3. Mean and standard deviation values for the

biochemical assays of cases and controls.

Parameters Cases Controls
(n = 155) (n = 72) P
Serum iron (mg/L) 0.84 (0,32) 1.0% (0.34) < 0.001
TIBC (mg/L) 3.58 (0.79) 3.21 (0.56]) < 0,001
TS (%) 24.45 (10.25) 33.39 (10.81) < 0,001
Ferritin (ng/ml) 42.38 (24.98) 66.13 (45.78) < 0,001
* t~test for significant difference between means.

Table 4. Relationship between anaemia parameters

(haemoglobin, haematocrit, ferritin, iron, TIBC and

percentage transferrin saturation).

Hb{g/d1)* Hect(%)* Ferritin Iron TIBC

(ng/ml)*  (mg/L}* (mg/L)*

Hb (g/dl) -

Het (%) 0.977"*" -

Ferritin

{(ng/ml) 0.259"*" 0.251""" -

Iron {(mg/L) 0.388™™" 0.394™" 0.335"" -

TIBC (mg/L} 0.030 0.021 -0.168" 0.002 -

TS (%) 0.408™% 0.420"™"  0.355**" 0.840""" =-0.421""

* Correlation coefficients, n =
significance indicated thus:

227. Statistical

* = P< 0.05,

¥%k = P< 0,001.
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The total prevalence of anaemia, as judged by the
altitude adjusted WHO (1972) cut-~off levels, regardless of
hookworm positivity was 15.9%. Individuals at this altitude
(about 2100 mw) would be ijudged to be anaemic if their
haemoglobin concentrations were less than 12.8 for females
and less than 13.9 for males. These values are regarded as
the altitude-adjusted "equivalent” cut-offs for haemoglobin
(WHO recommendation + 7%) to characterize anaemia prevalence
in the Ethiopian highlands between 2000—2500m.(Peters 1984).
The other measurements were considered to be abnormal at the
following levels: Transferrin saturation below 16% (WHO
1989} and serum ferritin below 20 ng/ml (Rifkind et al.
1986). For the red cell indices the normal ranges given by
Harrison’s (1991) was taken. Thus the normal values for

MCV = 90 # 7 £f1, MCH = 29 + 2 pg and MCHC = 34 + 2 g/dl.

When Jjudged by haemoglobin values 20.6% of hookwornm
positive individuals and 5.6% of the controls were found to
be anaemic (Table 5), The results presented in Table 5 also
show that there was a significant association between
hookworm infection and the three parameters of progressive

stages of anaemia.




Table 5. Association of anaemia parameters with hookworn
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infection

Parameters Cases Controls odds
n % n % ratio X2 P*<
Ferritin
normal (HNR) 128 82.6 71 98.6
14.98 10.25 0.01
i below NR 27 17.4 1 1.4

TS
normal 125 80.5 71 98.6 : }

- 17.18 12.08 0.001
below NR 30 19.5 1 1.4
Hb
normal 123 79.4 68 94.4

4.42 7.30 0.05

below NR 32 20,6 4 5.6

* Chi-squared (X?) analysis for testing significant
associations between anaemia parameters and hookworm

infection.
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Intensity of infection as expressed in epg showed a
highly significant relationship with transferrin saturation
and serum ferritin values (P<0.001), There was no
significant association between intensity of infection and

haemoglobin levels at the 5% level (Table 6).
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Table 6. Anaemia parameters and their relationship to

hookworm ova load.

egg count Haemoglobin TS (%)° Ferritin
(epy) n® (grdi)® (ng/ml)*
0 72 14.66 * 2.05 32.93 * 11.43 65.22 + 46,12
1-100 67 14.44 + 1.18 26.13 + 9,32 51.62 + 27.52
101-500 59 14.41 + 1,69 24,59 + 11.13 39.17 + 20.86
501-1000 14 13.91 + 1.24 19.50 * 10.62 28.02 + 21,38
> 1000 15 13.93 + 1.28 20.93 + 8.78 27.13 + 12.62
P®* > 0.05 P®* < 0,001 - P®" < 0.001

* Mean * standard deviation.
" One way analysis of variance testing a null hypothesis of

no significance difference between group means.
° Number of subjects.
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Assessment of iron status as determined by the serum
ferritin levels showed relatively higher proportion of
hookworm infected individuals had precarious iron stores than
the non infected ones., On the other hand, only a few
hookworm positive individuals had higher ferritin values.
Figure 1 shows the distribution of serum ferritin levels in
the study population. As it 'is shown in the figure, as the
levels of serum ferritin increases the proportion of cases
falling to each category decreases while that of the controls

increases.
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Percentage of subjets
J ‘
l Cases (n=155)

A\ Controls (n=72)

N N\
< 20 20-29 30-49 50-689 70-89 > 90

Serum ferritin {ng/ml)

siribuifon of sorum ferritin levels among the atudy 3aublectis, Ths numbera on sach
it the hlstogram show percentage of sublects for the glven range of sarum ferritin.
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Examination of the peripheral blood morphology showed a
normochromic normocytic (NCNC) blood picture in approximately
65% of the cases and 90% of the controls. The respective
percentage of abnormalities encountered in the cases and the
controls include 12.2% and 1.4% anisocytosis, 5.2% and 1.4%
hypochromia with microcytosis , and 17.4% and 6.9%
macrocytosis. Poikilocytosis in 0.6%, polychromatic cells in
1.9%, hypersegmented neutrophils in 0.6%, and 2% nucleated
red blood cells (NRBC) in 0.6% of hookworm positive
individuals were observed. But none of these abnormalities
were found in the controls. Summury of blood morphology
results is given in Table 7. When morphological
abnormalities were graded as slight, moderate and marked, all
were found to be slight to moderate except very few marked
abnormalities. Eosinophilia was observed in 80.6% of the
cases with a mean count of 12.32 *+ 9,08%, which differ
significantly (P<0.001) from that of the controls. The mean

eosinophil count of the controls was 7.67 * 7.21%.
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Table 7. Summary of peripheral blood morphology results of

the study population.

Cases Controls
(n=155)
n 3 n 2
NCNC* 101 65.2 65 90.3
Anisocytosis 19 12.2 1 1.4
Hypochromic-
microcytosis 8 5.2 1 1.4
Macrocytosis 27 17.4 5 6.9
Poikilocytosis 1 0.6 0 0
Polychromatophilia 3 1.9 0 0
NRBC® (2%) 1 0.6 0 0
"Hypersegmented
neutrophils (few) 1 0.6 0 0
* NCNC = normochromic normocytic.

P NRBC = nucleated red blcod cell.
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Results of the red cell indices based on Harrison’s
(1991) normal ranges, indicated a high MCV in 15.5% of the
cases and 5.6% of the controls, high MCH in 17.4% of the
cases and 8.3% of the controls. Low MCV and MCH values were
observed in 1.9% and 2.6% of hookworm infected individuals
respectively. But none of the controls had low MCV and MCH
values. 1.9% of cases and 1.4% of the controls were found

to have low MCHC (Table 8).

Multiple criteria involving elevated MCV, MCH and
macrocytic blood picture were taken as suggestive of a
nacrocytic type of anaemia. When these criteria fdr
classifying the anaemia as macrocytic were taken, 13.0% of
the cases and 5.6% of the controls fell into this category.
Further chi-squared analysis showed no statistically
significant association between parameters suggestive of
macrocytic anaemia and hookworm infection (odds ratio= 2,54,

P > 0.05) (Table 9).
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Table 8. Red cell indices results of the study population.

Parameters® Cases Controls
(n=155) (n=72)
n % n %
MCV (f1)
normal (NR) 128 82.6 68 94.4
above NR 24 15.5 4 5,6
below NR 3 1.9 0 0
I
MCH (pg)
hormal 124 80.0 66 - 91.7
above NR 27 17.4 6 8.3
below NR 4 2.6 0 0
MCHC (g/dl)
normal 152 98.1 71 98.6
above NR 0 0 0 0
below NR 3 1.9 1 1.4

®* Red cell indices parameters are considered as normal, above
normal and below normal based on the normal range given by
Harrison’s (1991). Thus, the normal values for MCV = 9017

fl1, MCH = 2912 pg and MCHC = 3412 g/dl.
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Table 9. Association of macrocytic anaemia® and hookworm

infection.
Macrocytic Cases Controls odds X* P
anaemia® (n=155) (n=72) ratio
n % n %
F Yes 20 13.0 4 5.6
N 2.54 2.13 >0.05
No 135 87.0 68 94.4

® Multiple criteria involving elevated MCV, HMCH and
racrocytic blood picture are taken as suggestive of
macrocytic anaemia. ' '

* Chi-squared analysis for testing significant association
between macrocytic anaemia and hookworm infection.
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With regards to diet, no significant difference at the
5% level was observed in the dietary patterns of anaemic and
non-anemic individuals. Ferritin levels were rather
associated with animal diet intake (P<0.05); none of the

subjects taking animal food had ferritin levels below normal.
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4, DISCUSSION

The present work has attempted to examine the
relationship between hookworm infection and anaemia among the
populations living in rural Wolisso. The results indicate
the importance of the role of hookworms in the aetiology of

anaemia in this community.

Even if about 90.3% of the study population had egg
counts less than 1000 epg, a significant association was
found between hookworm infection and anaemia (odds ratio =
4.42, P < 0.05)., The result indicates that hookworm infected
individuals are about four times at risk of being anaemic
than uninfected subjects. This‘result is more or less in
agreement with the findings of Bulto and colleagues (1992)
who reported about three times risk of development of anaemia

in their hookworm positive adult subjects,

As 1t is shown in Table 5, 20.6% of the cases and 5.6%
of the controls were anaemic. The high proportions in the
cases emphasizes that hookworm infection possibly accounts
for most of the anaemias in this community. Layrisse and
Roche (1964) by taking the difference between the prevalence
of anaemia in infected and non infected Venezuelans, 46% and
30% respectively, reported the percentage of individuals with
anaemia due to hookworm to be 16%. In a similar manner, in

the present study the prevalence of anaemia due to hookworm
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as a possible factor could be about 15%.

When the degree of anaemia was graded into mild,
moderate and severe as described in the document of WHO
(1989), all the anaemic individuals had what would be
described as mild anaemia (haemoglobin value between 10 and
the cut-off value, i.e., 12.8 g/dl for females and 13.9 g/dl
for males), whereas neither moderate nor severe anaemia was
detected. This could be attributed to the low intensity of

infection observed in these populations.

The demonstration of a significant association between
hookworm infection ~and anaemia in these lightly infected
subjects agrees wifh other studies conducted in Mauritius
(Stott 1961), in Kenya, on road workers, émong whom about 80%
had egg counts of less than 500 epg (Latham et al. 1983) and
in India (Srinivasan et al. 1987). However, in contrast to
Latham and colleagues (1983) and Sirinivasan and colleagues
(1987), no significant association was observed between
hookworm ova load and haemoglobin levels in the present

study.

In fact, the proportion of individuals who had egg
counts above 2000 epg, which is generally regarded as a
threshold load above which anaemia is likely to occur (Roche
and Layrisse 1966), was rather small in both Srinivasan et

al. (1987) and the present study. That is, 3.2% of the
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subjects in the present study and 4% in the Srinivasan et al.
(1987) study had egg counts above 2000 epg. The possible
explanation for this difference in the results of the Indian
group (Srinivasan et al. 1987) and the present study could
be, the present study is a controlled one. In addition,
according to the information obtained from the subjects, no
remarkablé dietary difference was observed between anaemic
and non anaemic individuals. Whereas Srinivasan et al.
(1987) did not rule out the effect of other factors. And
they suggested that factors such as nutritional status,
pregnancy history and basic physiological causes may have had
a greater bearing on the extent of haemoglobin variation

accounted for by hookworm ova load.

Nevertheless, the present result is in agreement with
those of Stott (1961) who demonstrated a significant
association between hookworm infection and anaemia but no

association with intensity of infection.

On the other hand, this result is in sharp contrast to
other studies, who failed to demonstrate assocliation between
hookworm infection and anaemia at 1lower intensities,
including studies in Kenya (Latham et al. 1983), in Panama
(Robertson et al. 1992) and in Thailand (Sanchaisuriya et al.
1993). One of the possible reasons for the observed
disagreement between these reports and the present result,

could be variations in the duration of infection, which could
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not be definitely Known. Roche and Layrisse (1966) have
pointed out that infections which are light at the time of
examination may have been much heavier previously. Perhaps,
the subjects of the present study could have been heavily
infected previously. So, the temporal divorce between the
cause of blood loss and the resulting lowering of haemoglobin
may have accounted for the observed differences between the
present study and those who reported no association between

light hookworm infection and anaemia.

On the contrary, others have demonstrated a significant
association between intensity of infection and haemogloﬁin
levels when infections were severe. For ihstance}‘;p_thé
study of Stephenson et al. (1985) which was conducted on
Kenyan School children, a significant negative correlation
between haemoglobin level and hookworm ova load was observed
where about 36% of the subjects had what is generally
regarded as heavy infection, that is, above 2000 epg. 1In
Udonsi’é report from Nigeria such relation was observed where
nearly 60% of the study subjects had counts of 10000 epg or
more including 29% with counts of at least 15000 (Udonsi
1984), Similarly, Seboxa and colleagues (1986) also
reported a significant negative correlation between
haemoglobin level and ova load in their heavily infected
subjects, with mean ova loads of 11392 epg, from Gondar,

north-western Ethiopia.
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association between serum ferritin levels and hookworm edgqg
count in their 1lightly infected subjects, with 1% of the
subjects having eqg counts above 2000 epg. Fager et al.
(1990) from Thailand also reported absence of a statistically
significant association between ferritin levels and hookworm
infection in the Thai children, though no information was

provided with regard to the worm load.

The observed significant association between intensity
of infection and iron status parameters, that is, transferrin
saturation and ferritin levels, (P<0.001) and absence of
significant association with haemoglobin levels (P>0.05)
(Table 6) emphasize the effect of such low variatgonfinwthea
intensity of infection on the iron statué of the subjects.
But, the variation in intensity was not as such remarkable to
affect the haemoglobin values at the various intensity
categories. The present finding is generally in line with
the concept that iron deficiency first affects iron stores,
then transferrin saturation and lastly haemoglobin production

(Verloop 1970, Siimes et al. 1980).

In the present study, the iron status of hookworn
infected subjects, as determined by the serum ferritin
levels, was very low as compared to the control dgroups,
though the anaemia was generally mild. The fact that about
20% of infected subjects had sub normal levels of serum

ferritin (20-29 ng/ml) as opposed to the 6.9% control groups
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(see Figure 1) suggests that these people are at risk of
being iron deficient if exposure to hookworms is prolonged.
On the other hand, as it is presented in Figure 1, only 3.9%
of the cases and 18.1% of the controls had higher ferritin
values (above 90 ng/ml). The finding of apparently large
proportion of the control groups with higher ferritin levels
as opposed to the cases indicates the impact of hookwornms on
the iron status of the infected subjects. The effect was
found to be less serious in infected individuals who reported
meat as part of their diet. There was a significant
association between ferritin levels and meat consumption
(P<0.05). None of the infected subjects who had méat in
their diet were found to have ferritin values below the lower
normal limit (20 ng/ml). It is known that animal fdbds not
only contain the more absorbable form of iron, but also
enhance iron absorption from vegetable foods (Layrisse et al.
1968, Gillooly et al. 1983). Therefore, the consumption of
meat may have helped these subjects to have better iron
stores so as to resist the effect of such light hookworm

infections.

In general, the biochemical analysis results show that
iron deficiency to be the major cause of anaemia in the
infected subijects. As it is clear from the chi-squared
analysis result of serum ferritin levels (Table 5), hookworm
infected individuals are at great risk of being iron

deficient than the negative counterparts (odds ratio = 14,98,
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P< 0.01). The role of hookworms in the aetiology of iron
deficiency anaemia with a typical hypochromic microcytic
blood picture has been universally reported (Foy and Xondi
1960, Roche and lLayrisse 1966, Gilles 1985, Pawlowski et al.
1991). In the present study however, even if 17.4% of the
cases and 1.4% of the controls (Table 5) had lower ferritin
levels, a slight hypochromic microcytic blood picture was
observed in about 5% of the cases and 1.4% of the controls

(Table 7). On the other hand, about 2% of the cases and none
of the controls had microcytic hypochromic red cells on the
basis of the red cell indices values. This observation
might not be surprising since the anaemia in these subjects
is generally mild. Moreover, even in iron deficiency anaemia
the erythrocytes do not become hypoéhromic or microcytic
until several months after iron stores have been depleted

(Wintrobe et al. 1981).

The possible explanation for the slight discrepancies
observed between the red cell indices and +the blood
morphology results would be, the red cell indices are single,
mean values which cannot express the variation that wmay occur

within a population of cells.

The other finding of the present study is the occurrence
of macrocytosis in 17.4% of the cases and 6.9% of the
controls (Table 7). Based on the red cell indices values,

15.5% of the cases and 5.6% of the controls had high MCV; and
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17.4% of the cases and 8.3 of the controls had high MCH
values (Table 8). As it 1is already stated, 13.0% of the
cases and 5.6% of the controls had a macrocytic type of

anaemia when judged by multiple criteria (Table 9).

Even though in Ethiopia, no report is available for the
existence of the problem in the community at large, Shamebo
(1987) reported that about 9.3% of the haematological
abnormalities in hospitalized patients are due to
megaloblastic anaemia. In this report (Shamebo 1987) 6.7% of
the megaloblaétic anaemias were due to folic acid deficiency
and 2.7% due to vitamin B,, deficiency.

Previously, Abdulkadir (1977) also suggested that folic-
acid deficiency, the mafor cause of megaloblastic anaenmia,
would be more common than appears to be the case otherwise in
Ethiopia. This is so because the consumption of fresh
vegetables is very low in many communities; and folates are
known to be destroyed by prolonged cooking (Herbert 1970).
The subjects of the present study were not an exception to
this. The majority of them have reported the absence of

fruits in their diet,

The finding for the association between parameters
suggestive of macrocytic anaemia and hookworm infection,
though not statistically significant (odds ratio 2.54,
P>0.05) (Table 9), indicates that hookworm positive

individuals are about 2.5 times at risk of developing
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macrocytic anaemia than non-infected individuals. As far as
the controls are concerned, the observed abnormality can be
attributed to nutritional factors. In the case of the
infected subjects, hookworm infection might have aggravated

the situation.

A much better information about the role of hookworm
infection in the genesis of megaloblastic anaemia could have
been obtained if analysis of serum folic acid and vitamin B,,
levels had been made. This is a limitation of the present
study. Nevertheless, the finding of macrocytic cells in the
peripheral blood combined with the red cell indices values
could be considered as a possible morphological eyidence of
either folic acid or vitamin B,, deficiency, or deficiencies

of both (Wintrobe et al. 1981, Evatt et al. 1992).

From the world wide perspective, there is still some
doubt about the association of hookworm infection with folic
acid and vitamin B,, deficiencies. Some investigators have
observed megaloblastic changes in the bone marrow of heavily
infected subjects in Colombia (Borrero et al. 1961), 1n
Venezuela (Roche and Layrisse 1966) and in India (Saraya et
al. 1972). Layrisse and associates (1964) also observed
impairment of folic acid absorption in their heavily infected
subjects. On the other hand, Herceberg and Colleagues (1986)
failed to demonstrate any relationship between light hookworm

infection and serum folic acid levels. 1In fact these workers
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(Herceberqg et al. 1986), contrary to the finding of the
present study, did not find significant relationship between
hookworm infection and any of the anaemia parameters

including the iron status parameters.

In general, the type of anaemia resulting from hookworm
‘infection has been properly indicated by Gilles in his serial
publications, about the features of hookworm infection and
anaemia (Gilles 1975, 1985). Gilles stated the occurrence of
a super added folic acid megaloblastic anaemia, in some parts
of the tropics, which is often masked by the severe iron
deficiency anaemia and which only becomes overt after a
partial haematologic response to iron therapy. He further
pointed out that the classic anaemia of uncomplicated

hookworm disease is, however, hypochromic microcytic anaenmia.

In the case of the present study, though light infection
was observed, the possibility that heavy infection could have
been present previously cannot be ruled out. Thus,the mild
infection was found to be enough to have a highly significant
association with iron status parameters (transferrin
saturation and ferritin) but not with parameters suggestive
of macrocytic anaemia. However, even if no statistically
significant association was demonstrated with the latter at
the 5% level, the result gives some clue as to the

possibility that hookworm infection might be an aetiologic
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agent of megaloblastic anaemia in this particular community

in question.
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5. CONCLUSION

The result reported herein shows that hookworm infection
in this community leads to the development of anaemia. 1In
spite of the fact that infections are generally light, the
anaemia was of mild type and not associated with intensity of
infection. However, the application of biochemical analysis
for the determination of iron status has enabled to show that
hookworm infected individuals had depleted iron stores, and
the depletion relates to the intensity of infection. This
would possibly lead to iron deficiency anaemia unless and
otherwise measures for both deworming and correction of the
iron level are taken. Though, control priorities naturally
lie with acute an& possibly fatal infections, any hookworm
control program should target both at the parasite and its

important sequel, anhaemia.

Information obtained from this study suggests that
macrocytic anaemia may also be a problem in the area. With
this regard further investigation needs to be carried out to
clearly indicate the role of hookworms in the genesis of
megaloblastic anaemia by employing better biochemical
measurements of folic acid and vitamin B,, levels. In
addition, bone marrow analysis is also helpful to confirm the
results obtained from peripheral blood morphology

examinations.
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considering the most important consequences of hookworm
infection on the well being of individuals and also
productivity, by way of causing anaemia, no doubt that the
control of hookworms should not be ignored. Information
about the prevalence and the extent of hookworm anaemia in
such communities is rather of great help for decision making
on prevéntive and control measures. Hence, the present study
could serve as a basis 1in designing preventive and

controlling methods.
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