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Intestinal geohelminthiasis in the developing world

S. ANANTHAKRISHNAN, P. NALINI, S. P. PANI

ABSTRACT
Intestinal parasitic helminths such as roundworms (Ascaris
lumbricoides), hookworms (Ancylostoma doudenale and
Necator americanus) and whipworm (Trichuris trichiura) are
common in the developing world. Strongyloides stercoralis,
though not so common, also contributes to health problems.
The prevalence of intestinal worm infestation in India varies
from 5% to 76%, which is similar to that in other developing
countries. These parasitic infestations are acquired by inges-
tion, inhalation or penetration of the skin by the infective forms.
Ascaris causes many intestinal and respiratory symptoms and
plays an important role in precipitating protein-energy malnu-
trition in undernourished children. Hookworms cause anaemia
and hypoproteinaemia. In areas where hookworm infestation
isendemic, 90% of pregnant mothers areanaemic. Trichuriasis
as a causative agent of human disease has only recently
gained attention. Heavy infestation with T. trichiura can result
in severe colitis and significant blood loss. This in turn can lead
to impaired cognitive functions which are reversible on treat-
ment.Though notaswidely prevalent as theothergeohelminths
in India, Strongyloides stercoralis infestation can be fatal in
debilitated and immunosuppressed children. So far, the im-
pact of these parasites on the health of children has been
underestimated and concentrated efforts to minimize the
worm load and its consequences have not been given due
importance in our health policies. This article reviews the
pathophysiology, clinical impact and control options of the
most commonly prevalent geohelminths in the developing
world.
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INTRODUCTION
The most common infestations in humans in the developing world
are by intestinal parasitic helminths e.g. roundworm (Ascaris
lumbricoides), hookworms (Ancylostoma duodenale and Necator
americanus) and whipworm (Trichuris trichiura). Though not as
frequent as the above-mentioned worms, Strongyloides stercoralis
is also an important intestinal parasite causing health problems in
the developing world. The impact of intestinal helminthiasis on
health and economy have been largely underestimated. Worm
infestation, widely prevalent in children of school-going age,
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directly or indirectly causes undernutrition, growth retardation,
anaemia and impaired cognition. 1.2Many of these effects can be
reversed with treatment. This article reviews the burden of the
most commonly prevalent geohelminths, namely roundworm,
hookworms and Whipworm, their pathophysiology, clinical fea-
tures and control measures.

EPIDEMIOLOGY
The number of people affected with roundworm. hookworms and
whipworm in the world is estimated to be 1000 million. 900
million and 500 million, respectively, the corresponding contri-
bution of the developing world being 700 million, 800 million and
500 million.v' Of the world's population, 33% have roundworm
and 25% have whipworm infestation.' Hookworms have been
almost eliminated from the USA and Europe and are no longer a
public health problem. Out of the 359 million people infested with
hookworm in Asia, 205 million reside in India." Helminths are
widely found in the warm and moist tropical and subtropical
regions of the world where malnutrition, low standard of living,
poor sanitation and lack of personal hygiene favour the survival,
multiplication and propagation of these parasites. The practice of
traditional methods of agriculture and other occupational work,
indiscriminate defaecation, the use of night soil as fertilizer,
inadequate control of the reservoir of infection, a migratory
population, lack of proper health education, and ideal conditions
of temperature, rainfall and humidity are important factors for the
large number of helminths in these areas. The prevalence of
intestinal helminths in some areas is given irt Table I.3.7-19Many
studies have shown the prevalence to be higher in children3.1O.ls.17
while others have shown it to be higher in females. 10.20Chottray
found 61.7% of the population between 5 and 20 years to be
infested withA.lumbricoides. 21The intensity of worm infestation
within a community is not uniform; most individuals harbour a
few parasites while some are repeatedly and heavily infested. The
intensity of worm infestation within an individual also changes
with age. The reasons for this trend of parasite aggregation and
predisposition are not clear. Behavioural, social, nutritional and
genetic factors and acquired immunity may have a role to
play.22-26There also seems to be a seasonal variation in the egg
output of these helminths. In West Bengal, the egg output of
A. duodenale increases in the pre-monsoon period and decreases
after the monsoons. This is seen as an adaptation for the develop-
ment of free living stages when the host lives in areas which are
seasonally unfavourable for the larvae." This has an important
bearing on the implementation of control measures.

According to the World Development Report 1993, intestinal
worm infestation is the leading cause of morbidity in children of
school-going age, accounting for 10.6 and 9.2 million ofDAL Ys
(disability-adjusted life years) lost in males and females, respec-
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TABLE I. Prevalence of helminths in different parts of the world
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Place Roundworm Hookworms Whipworm Strongyloides stercoralis

India
Andhra Pradesh' 91.3 45 70.8 na
Chandigarh" 8.3 10.7 na na
Darjeeling (rural)" 34.8 8.3 19.4 na
Delhi 10 1.4 1.2 0.1 na
Karnataka " 8.4 46.9 43.8 0.7
Maharashtra (rural)" 1.2 2.3 0.2 na
Pondicherry (urban)!' 1.8 0.2 2.8 na

(rural) 10.1 4.8 5.4
Puri" 7.2 0.7 5.1 na
Rajasthan " 0.9 0.1 na na
Tamil Nadu'6 85 3.2 95 5.5

Africa' 32 na na na

Bangladesh 17 8 37 67 10

Brazil' 59.5 26.5 na na

Malaysia" 49.6 5.3 62.8 na

West Indies" 60-70 2-3 75-85 na

All figures are percentages na not available

tively." In Japan, hookworm infestation causes an economic loss
of US $60 million a year while treatment would cost only US $7
million." Similarly, in Kenya the loss due to ascariasis is more
than US $5 million and could be prevented by treatment costing
about US $1 million."

PATIIOPHYSIOLOGY AND IMMUNOLOGY
Helminthic infestations are acquired by ingestion of helminth
eggs through food, drink and soiled hands (e.g. roundworms,
hookworms) or penetration of infective larvae through the skin
(e.g. hookworms, threadworms). Helminths elicit complex host
responses. Several forms of the parasite may be present in the
host, each eliciting a unique immune response. The primary
antigens may be metabolic by-products, enzymes or other secre-
tory products. The two most frequent responses to helminths are
eosinophilia and production of reagenic antibodies. Immuno-
genicity is a reflection of the degree and duration of parasitic
contact with the host tissues. Presently, the role of immunological
response as a determinant of geohelminth burden is being stud-
ied.31.32Immune reactions either alone or in combination are of
importance in the pathogenesis of disease and may include
immediate hypersensitivity reactions, immune complex-medi-
ated damage and delayed hypersensitivity reactions. Protective
immunity is incomplete."

Roundworm (A. lumbricoides)
Ascaris is acquired by ingestion of contaminated food or drink,
pica and unclean personal habits. The pathology and human host
response to the migrating Ascaris larvae are different from those
of the adult worms. While the former cause inflammatory, immuno-
logical and allergic reactions, the latter affect the vasomotor
reflex and secretory mechanisms that alter intestinal tone and
motility." The intestinal symptoms are caused by the metabolic
products of the worms which irritate the sensory receptors in the
intestine with resultant interference with normal peristalsis, spas-
modic contraction and ischaemia of the bowel wall.35.36The large
size and peculiar migratory activity of the adult worms cause
mechanical intestinal obstruction, biliary lesions, pancreatitis,
acute appendicitis and primary peritonitis." Ascariasis was the

cause of paediatric intestinal obstruction in 5%-35% of all cases
in a comparison of studies done in the tropics." For a long time,
intestinal obstruction was thought to be due to a mechanical
blockade by the worms. However, De and Sinha in 1974 sug-
gested that the primary cause of obstruction could be intestinal
spasm caused by irritation of sensory receptors on the mucosa."
In the absence of other adverse nutritional factors, a moderate
Ascaris worm load per se does not cause malnutrition, The
predicted morbidity is low up to 60% prevalence of infection, but
increases very rapidly thereafter." This may not be true in all
situations and more studies are needed on this aspect in different
contexts. It may playa significant role in precipitating protein-
energy malnutrition in undernourished children.w" Studies have
shown that though there was no inhibitory effect on the intestinal
proteolytic enzymes, protein absorption was better in children
after deworming.v-" Ascariasis also causes malabsorption of
vitamin A, abnormal fat and lactose digestion and increased
intestinal transit time.44-46Carbohydrate loss is also high and is
estimated to be 2.8 glday in a person with 20 worms."

In the lung, the Ascaris larvae are immobilized, surrounded by
eosinophilic granulomas and eventually destroyed. There is also
increased production of mucus and spasm of the bronchi. The
lungs are the most severely affected by migrating larvae which
can cause mild-to-severe cough, breathlessness, retrosternal
discomfort, haemoptysis, fever and wheezing." Chest X-ray may
show discrete rounded or oval opacities of varying sizes some-
times merging with the perihilar region. The secretory and excre-
tory antigens of the Ascaris larvae are known to trigger protective
cellular immunity against Ascaris infection.

Hookworms (A. duodena le and N. americanus)
A. duodena le and N. americanus are the main hookworms infest-
ing humans. N. americanus is common in south India and A.
duodenale in the north. Recently, another species (A. ceylanicum)
has been reported from West Bengal." Infection occurs when the
larvae penetrate the skin, mostly through the feet, in bare-footed
people. Ancylostoma may also be acquired orally by direct inges-
tion of the larvae through contaminated food."

Hookworms attach to the mucosa of the upper intestine by their
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buccal capsules. Continuous or intermittent suction by the worms
results in tissue stroma and blood being drawn into the worms'
intestinal tract. A maximally developed mucosal lesion involves
nine villi, and an individual worm might cause as many as six
lesions in one day. Blood loss occurs by passage of ingested blood
through the worms' intestinal tract as well as directly from the
intestinal mucosa." Anticoagulant material produced from the
buccal capsule of the worm enhances the blood loss which is
0.03 mVday/worm for N. americanus and 0.26 mVday/worm for
A. duodena le.52-54 An estimated one million patients with an
average of 100 worms will lose 12000-15 000 L of blood every
day.55About 44% of the iron lost as haemoglobin is reabsorbed."
The relationship between hookworm infestation and anaemia
depends upon three factors: (i) the subject's iron reserve; (ii) the
amount and availability of iron in the person's diet; and (iii) the
number of worms present. Blood is lost from persistent bleeding
points and by sucking action of the worms. There is immediate
cessation of blood loss when the patients are dewormed suggest-
ing that there is no persistent ulceration. Albumin is also lost into
the gut causing hypoproteinaemia.?

The major clinical manifestations of hookworm infestation are
the result of direct attachment of the adult worm to the jejunal and
duodenal mucosa causing anorexia, intestinal blood loss and
mucosal damage. The gastrointestinal symptoms are epigastric
tenderness, pica, ravenous appetite and geophagia. Dermatologi-
cal lesions such as macules, papules and blisters are seen at
the portal of entry and along the path of subcutaneous larval
migration. Bronchitis and pneumonia occur as a result of larval
migration through the lungs, bronchi and trachea to the oesophagus.
The major clinical impact of hookworm infestation is chronic and
cumulative blood loss, especially in pregnant women and chil-
dren. In India, 90% of pregnant mothers in rural areas with
evidence of hookworm infestation are anaemic (haemoglobin
<11 gldl). Forty per cent have clinically significant anaemia
(haemoglobin <8 g/dl) which is a known cause of intrauterine
growth retardation.v-" The anaemia is of the microcytic hypo-
chromic type, associated with and proportional to the intensity of
infestation and responds rapidly to iron treatment.59.60Vermifuge
alone, with no iron supplementation, allows the haemoglobin to
reach normal levels over a long period of time, may be 15-20
months. Severe hypoproteinaemia with a negative nitrogen bal-
ance as a result of loss of protein into the intestine can OCCUr.41.52

Hookworm does not cause steatorrhoea or malabsorption."

Whipworm (Trichuris trichiura)
Despite being one of the most prevalent infestations, the impor-
tance of trichiuriasis as a causative agent of human disease has
received attention only recently. Cooper and Bundy estimated
that approximately 10% of young children living in conditions
appropriate for hyperendemic geohelminth transmission could
have an infestation sufficiently intense to cause chronic colitis
and growth retardation.w" Trichuris trichiura infestation is
acquired by ingestion of contaminated matter. Mild-to-moderate
infestations do not produce significant colonic lesions. However,
a massive infestation can cause appendicitis by blocking the
appendicial lumen, severe colitis and proctitis manifest as abdom-
inal pain, tenderness, profuse mucus and/or bloody diarrhoea and
sometimes rectal prolapse. Protracted bloody diarrhoea due to the
inflamed colonic and rectal mucosa is often associated with
stunting." The worm also sucks blood from the colon causing
blood loss of 0.005 mVday/worm, leading to anaemia in heavily
infested malnourished children." In a study from Jamaica, mod-

erate-to-heavy loads of Trichuris infestation were found to have
a detrimental but reversible effect on certain cognitive functions
in children probably caused by the fatigue and listlessness due to
worm infestation.s'"

Strongyloides stercoralis
This helminth is widely distributed in the tropics and subtropics,
being highly endemic in Brazil, Columbia and Southeast Asia. In
India, it is not as widely prevalent as roundworm, hookworms or
Whipworm. In temperate climates it is found in inmates of insti-
tutions for the mentally retarded and in prisons. It is a serious
problem in immunosuppressed individuals. Infection is acquired
by the entry of larvae through the skin or buccal mucosa. Auto-
infection is another mode of infection. The infective larvae
reinvade the bowel or skin without being passed out in the faeces.
The worms are thus able to maintain their population without an
external source of infection and reach enormous numbers when
there is immunosuppression. The adult worms are wedged in the
crypts of the intestine from where they invade the tissues of the
bowel wall, but rarely penetrate the muscularis mucosa. In heavy
infestation they enter the lymphatic system and general circula-
tion and may be found in the liver, lungs, kidneys and gallbladder.
The human host shows both cellular and humoral response to the
infestation. The clinical features include haemorrhagic dermatitis
at. the site of entry of the larvae (usually the perianal region),
respiratory symptoms due to the passage of larvae through the
lungs and gastrointestinal symptoms such as dysentery, chronic
diarrhoea and fat- and protein-losing enteropathy. In debilitated
and immunosuppressed patients, the diarrhoea, malabsorption
and dissemination of infestation can be fatal.

CONTROL MEASURES
Chemotherapy, environmental sanitation and health education
are the three important tools available for control of intestinal
helminthiasis. Any control programme should include all the
three in order to be effective. Strict adaptation of personal hygiene
with repeated emphasis on hand washing, sanitation and proper
disposal of human and animal excreta have greatly helped a
number of countries to eradicate helminthic diseases, but have not
proved effective in developing countries due to administrative
and economic constraints. In India, chemotherapy and health
education are likely to serve as effective tools in controlling
helminthiasis.

An ideal antihelminthic should be safe at high therapeutic
doses, preferably given orally in a single or divided dose on the
same day, chemically stable for a long period of time under
climatic conditions of use and inexpensive. Substantial progress
has been made in the development of drugs that meet these
requirements. Chemotherapy reduces the environmental conta-
mination and transmission rate by killing the adult worms. There
are two options for drug delivery: (i) the mass or community
approach and (ii) the selective approach after screening. Selective
therapy is much more expensive because of the need for screen-
ing. Mass therapy is better when the drug is not expensive. In
Dhaka, Bangladesh deworming all the members of a community
once in three months significantly reduced the prevalence of
worm infestation. 17 Instead of treating all members of a commu-
nity, only those who live in areas with high intensity of infestation
may be targeted for achieving equally good results. Further, the
risk of transmission is reduced considerably by treating such
groups. Children who have a high intensity of infestation are not
only at risk of disease but are also responsible for environmental
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Drugs Mode of action

TABLEII. Mode of action, dosage and contraindications of commonly used antihelminthics72-74

ContraindicationsDose

Mebendazole* impairs glucose uptake and
secretion of acetyl cholin-
esterase; causes glycogen
depletion; immobilization
and slow death of worms
inhibits uptake of glucoseAlbendazole+

Thiabendazole inhibits fumerase reductase

Pyrantel pamoate depolarization of neuro-
muscular site; causes spastic
paralysis
blocks action of acetylcholine
and causes flaccid paralysis

Piperazine citrate

Levamisole causes initial contraction
followed by irreversible
flaccid paralysis

100 mg bid x 3 days;
for pinworm 100 mg
stat followed by 100 mg
after 2 weeks

200 mg, single dose for
children <2 years; 400 mg
for children >2 years
25 mg bid x 2 days;
topical application for
larva migrans
II mglkg as a single
dose; maximum I g

75 mglkgldose x 2 days;
65 mglkglday x 7 days
for pinworm
2.5 rug/kg as a single
dose

pregnancy and children
<2 years of age

pregnancy

pregnancy and children
<2 years of age

pregnancy and children
<2 years of age

seizure disorder

pregnancy; renal disorders

• For mass chemotherapy of community 500 mg is given as a single dose
t For heavy Trichuris and Strongyloides infestations in individuals the drug is given on three consecutive days

TABLEIII. Efficacy and approximate cost (in rupees) per course of
commonly used antihelminthics'>"

Drug Hookworms CostRoundworm Whipworm

Mebendazole
Albendazole
Pyrantel pamoate
Piperazine citrate
Levamisole

100%
100%
90%-100%
90%-100%
90%

85%-100%
100%
93%
effective
90%

60%-85%
100%
ineffective
ineffective
ineffective

6
10
7

2.5
3.5

contamination. Therefore, they form an appropriate target group
for therapy. The World Health Organization (WHO) is currently
promoting a school-based strategy to control helminthiasis.v'" In
the West Indies, cyclical chemotherapy (single dose albendazole
in 4 sequential cycles at 4-month intervals) to children between 2
and 15 years, using preschools and schools as foci of introduction
was able to bring about an overall reduction in the prevalence and
intensity of geohelminths. 69 Thus, targeted chemotherapy of chil-
dren reduces infestation in the whole population. Targeted com-
munity therapy is also highly cost-effective. The aim of treatment
should be to reduce the worm burden so that there is no detectable
clinical effect. Some countries have significantly reduced the
worm burden by incorporating a parasite control programme into
the existing primary health care programme.v" The helminth
control programme can also be integrated with education pro-
grammes. These interventions can be synchronized with other
health programmes such as nutritional supplementation and
immunization. The WHO recommends that in those areas where
the prevalence of mild-to-moderate underweight children is more
than 25% and where parasites are widespread, high priority
should be given to deworming programmes. This is important
because, in the absence of deworming, the various food supple-
mentation programmes alone will not be potentially effective.
The commonly used drugs, their mechanism of action and effi-
cacy are given in Tables II and III.72-74

CONCLUSION
Intestinal helminthiasis is an important public health problem.

The impact of worm infestation on malnourished and school-
going children has so far been under-recognized. Due importance
has not been given in controlling these infestations. Steps should
be taken to incorporate a helminthiasis control programme into
the existing national primary health care programmes. This should
include targeted chemotherapy, health education and improved
sanitary conditions for long term impact. This will go a long way
in promoting the health of children.
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