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INTRODUCTION

Prevalence of hookworm infections represents a major pub-
lic health problem in tropical and subtropical parts of the
developing countries (Ukpai and Ugwu, 2003). The large
roundworm, Ascaris lumbricoides and the hookworms, An-
cylostoma duodenale and Necator americanus occur in tropi-
cal and subtropical regions of Asia (Bundy, 1999). Soil trans-
mitted helminthic infections result in severe morbidity mainly
in school children because of their vulnerability to nutritional
deficiency (Stephenson et al., 1990; Adams et al., 1994). Heavy
infection of hookworms causes health problems in newborns,
children, pregnant women and malnourished persons
(Haburachak, 2006) and affect a significant proportion of
World population (Olsen et al., 2006). Hookworm infection
is endemic in poor sanitation areas particularly in warm hu-
mid areas of the tropics and subtropics (Schad, 1991). Hook-
worm infection is transmitted via contaminated feces or urine
(Adenusi and Ogunyomi, 2003) or direct penetration through
skin (Albonico et al., 2004). Hook worm infection causes
anaemia and school children are more susceptible to this
infection (Ayorinde, 2004). The prevalence of soil transmitted
helminth infections was assessed among school children in
South-Eastern Nigeria and found 16.9% of infection; stunted
growth by 1.6m and 0.04 kg weight loss were recorded among
infected children (Chigozie, 2007). Occurrence of intestinal
geohelminthic infections namely A. lumbricoides, A.
duodenale, Strongyloides stercoralis, Taenia, Entamoeba and
Giardia were noticed in rural preschool children of adminis-
trative blocks of Khunti District, Jharkhand (India). Use of hand
pump water and open air defecation, household crowding,
uneducation and cattle ownership were mainly responsible
for the prevalence of helminthiasis (Awasthi et al., 2008). Stud-

In this study area Ancylostoma duodenale infection prevailed in adults and children during summer, rainy and
winter seasons. In Yanadigudem, females of 10-19 years age group was found as high risk age group in winter.
Eluru In Vangayagudem, different age groups like 0-4, 5-9 and 10-19, 20-29, 40-49, 50-59, >60 years showed lowest
and highest prevalence of ancylostomiasis respectively. In Philhousepet, 32.5% of male children and 25% of
men and 30.5% of women showed helminthic infection in rainy season. Much variation is seen in the prevalence
of ancylostomiasis in rainy and winter seasons in all the age groups. The infected individuals were treated with
Albendazole just after rainy season. Three weeks after antihelminthic treatment, the infection rate among them
was lowered; health education also plays a role in reducing the % of infection.

ies on the prevalence and intensity of hookworm infections in
a State specialist hospital in Ekiti, Nigeria revealed that both
males and females of all ages are susceptible to hookworm
infection but young children of males were found with higher
infection than females (Adewole and Akingbolu, 2009). An-
cylostoma infection was found as predominant infection in
Jos-North local Govt. area of Plateau State Nigeria (Bala, 2010).
Information on the prevalence and epidemiology of hook-
worm infection is lacking in South India. Therefore the present
study is designed to estimate the prevalence of ancylostomia-
sis in rural population of 3 rural areas in Eluru, West Godavari
District, Andhra Pradesh.

MATERIALS AND METHODS

Study areas

Yanadigudem, Vangayagudem and Philhousepet.
Yanadigudem, Vangayagudem and Philhousepet located
about 5 and 3 km of Eluru municipal corporation (West
Godavari District) respectively. Yanadigudem is comprised
only of the Yanadi Tribal population with a total of 246
individuals in 44 houses. The area is covered by paddy fields
and the occupation is rag picking. People defecate in the open
fields and behind their house yards. Fifty percent of the
households have latrines using only for bathing and all the
inhabitants defecate in the open places as a common practice.
There being no water supply to houses, water is collected
from a common tap which provides water once a day. Most of
the houses have thatched houses.

Survey and analysis

At the beginning of the study, village programmes were
initiated to create awareness among the people.
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Sampling design

Stool samples from 240 subjects including 132 children (80
male and 52 female) and 108 adults (40 males and 68 females)
belonging to Yanadigudem, 264 subjects having 92 children
(36 males and 56 females) and 172 adults (92 males and 80
females) of Vangayagudem and 264 subjects having 128
children (40 males and 88 females) and 136 adults (64 males
and 72 females) of Philhousepet were collected. Each of the
stool samples were examined for helminthic infection.

Stool sample collection

Collection and examination of feacal samples was made as
given in previous paper (Indira and Vardhani, 2009). Faecal
sample collection was done in the morning in a labelled
container. The samples were brought to the laboratory and
processed within one hour. Fecal smears were made and
examined for eggs of hook worms and other intestinal
helminthes, by using direct smear method (Beaver, 1950).
The intensity of infection was assessed by counting the number
of eggs per gram (EPG) of faecal sample following Stoll’s
solution counting method (WHO, 1963) and infections were
classified according to individual egg counts as heavy,
moderate or light, following standard method (Renganathan
et al., 1995). The species identification was determined on
the basis of the morphological characteristics of the eggs of
helminthic parasites.

The present epidemiological survey was carried out from
March 2004 to April 2005 (on alternate days within 10 day
period). The prevalence of infection was recorded in summer
(March-June, 2004), rainy (July-Oct. 2004) and winter (Nov.
2004 — Feb. 2005) seasons. Immediately after the survey in
rainy season, the infected individuals were treated with a single
dose of Albendazole (500 mg) under the supervision of the
Government medical practioner. Stool examinations were
carried out again and the prevalence of infection was recorded
after 3 weeks period. Data were also collected on the living
conditions of the infected individuals.

RESULTS

Prevalence of hookworm infection in Yanadigudem during
the study period is shown in Tables 1 to 7. In summer season,
of 132 children (Table 1) comprising 80 male and 52 female
children of Yanadigudem, all the male and female children of
0-4 and 5-9 age groups were found negative and males and
females of 10-19 showed 50.0% and 100% infection. One
hundred and eight adults (Table 2) comprising of 40 males
and 68 females (20-29 and 30-39 age groups showed 40.0%
and 20.0% infection) showed 80.0% and 76.4% of infection
(20-29, 30-39 and 40-49 age groups showed 100%, 100%
and 75% of infection respectively). Males and females of 50-
59 years were found negative.

In rainy season, 17.5% of males and 57.6% of females were
found infected (Table 3). The age group of 5-9 years was
identified as the high risk age group lodging 58.3 % of infection.
Females of 0-4, 5-9 and 10-19 age groups were infected with
50%, 50% and 66.6% of infection respectively. Of the 108
adults (Table 4), males (20-29 and 30-39 age groups harbored
100%) and females (40-49 and 50-59 age groups showed

75% and 25%) showed 82.5% and 76.4% of the helminthic
infection. Highest prevalence rate was observed in females of
20-29 years with 90% and 30-39, 50-59 age groups with 60%
and 50%.

In winter season, 2.5% males and 34.6% females were found
infected with A. duodenale (Table 5). After treatment 0-4 and
10-19 years of males were found free of infection. 5-9 years
age group was found infected with single infection of A.
duodenale (8.3%). Females of the age group 10-19 years were
found infected with 41.6% infection. The age groups of 0-4
and 5-9 have showed lower prevalence of 29.1% and 25%
infection respectively. Of the 108 adults screened, the infection
rate declined to 35.0% in males and 25.0% in females (Table
6). Males of 20-29 and 30-39 harbored 41.6% and 50.0% of
infection. The age group of 40-49 showed 31.2% of infection.
Males of above 60 years were free from the infection (0.1%);
females harbored 30.0%, 15.0% and 25.0% of infection.
Females of 20-29, 30-39 and 50-59 age groups harbored
30.0%, 15.0% and 25.0% of infection.

Season — wise prevalence

The maximum prevalence of 92.3% ancylostomiasis infection
was noticed in both summer and rainy seasons in the age
group of 20-29 years (Table 7). Maximum prevalence was
noticed in 20-29 and 40-49 age groups. The incidence of
infection was lower in all the age groups in winter season.

In summer season in Vangayagudem, of 92 children
(comprising 36 males and 56 females) screened, all the males
of different age groups were freed from of helminthic infection
(Table 1). Whereas females of 5-9 and 10-19 age groups
showed 25% and 37.5% infection. Out of 172 subjects
examined, 92 males (20-29, 30-39, 40-49 and 50-59 age
groups showed 25%, 20.0%, 75% and 50.0% infection
respectively) and 80 females (20-29, 30-39 and 40-49 showed
50.0% each and above 60 years age group harbored 33.3%
infection) showed 30.4% and 45% infection (Table 2). Males
of above 60 years and females of 50-59 age groups did not
show helminthic infection.

In rainy Season, males of 5-9 and 10-19 age groups showed
33.3% and 50.0% infection, while the children of 0-4 years
were free from infection. Females of 5-9 and 10-19 age groups
were negative for infection. Of 172 adults (Table 4) examined,
males of 40-49 age group showed 100% of infection. 20-29,
30-39, 50-59 and >60 years age groups showed 50%, 20%,
50% and 33.3% of infection respectively. Females of 40-49
years had 100% of infection and that of 20-29, 30-39, 40-49
and >60 year age groups showed 40%, 56.2%, 87.5% and
58.3% of infection respectively.

In winter season, hookworm infection was found to be low in
males of 5-9 (12.5%, 10-19 (25.0%) age groups (Table 5)
when compared to the observations of before treatment. The
age group of 0-4 years did not show helminthic infection
females of 5-9 and 10-19 age groups showed 18-7% and
25% infection. Of 172 adults screened, (Table 6), the
prevalence rate was low both in males and females. 15.2% of
males and 20.0% of females were found infected. Males of
20-29, 30-39, 40-49, 50-59 and > 60 years age groups showed
18.7%, 7.5%, 13.2%, 25%, and 8.3% infection respectively.
In females of 20-29, 30-39, 40-49, 50-59 and >60 year age
groups the infection rate was declined to 17.5%, 25.0%,
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Table 1: Age and sex wise prevalence of Ancylostoma duodenale among children of Yanadigudem, Vangayagudem and Philhousepet in Eluru
Town in summer season (Number in parenthesis indicates the sample size)

Sex Age in years Total

0-4 5-9 10- 19
In Yanadigudem
Boys 0%(40) 0%(24) 50% (16) 10% (80) No. of children tested — 132;
Girls 0%(24) 0% (4) 100%(24) 46.1% (52) No. of children infected—32;
Total 0%(64) 0%(28) 80% (40) 24.2%(132) % of infection — 24.2
In Vangayagudem
Boys 0% (8) 0%(24) 0% (4) 0% (36) No. of children tested — 92;
Girls 0%(8) 25%(16) 37.5%(32) 28.5% (88) No. of children infected—16;
Total 0%(16) 10%(40) 33.3%(36) 17.3% (92) % of infection — 17.3
In Philhousepet
Boys 0% (8) 33.3%(12) 40% (20) 30.0% (40) No. of children tested — 128;
Girls 0%(12) 0%(36) 20% (40) 9.0% (88) No. of children infected—20;
Total 0%(20) 8.3%(48) 26.6%(60) 15.6%(128) % of infection — 15.6

Table 2: Age and sex wise prevalence of Ancylostoma duodenale among adults of Yandigudem, Vangayagudem and Philhousepet in Eluru town
in summer season (Number in parenthesis indicates the sample size)

Sex Age in years Total

20-29 30-39 40-49 50-59 >60
In Yanadigudem
Men 100%(12) 100%(8) 75%(16) 0%(4) - 80% (40) No. of adults tested — 108;
Women 90%(40) 80%(20) - 0%(8) - 76.4% (68) No. of adults infected—84;
Total 92.3%(52) 85.7%(28) 75% (16) 0%(12) - 77.7% (108) % of infection — 77.7
In Vangayagudem
Men 25%(16) 20%(40) 75%(16) 50%(8) 0%(12) 30.4%(92) No. of adults tested — 172;
Women 50%(04) 50%(16) 50%(8) 0%(4) 33.3%(12) 45%(80) No. of adultsinfected—64;
Total 42.8%(56) 28.5%(56) 66.6% (24) 33.3%(12) 16.6%(24) 37.2%(172) % of infection — 37.2
In Philhousepet
Men 100%(4) 28.5%(28) 0%(16) 0%(8) 50%(8) 25% (64) No. of adults tested — 136;
Women 33.3%(24) 20%(20) 0%(8) 33.3%(12) 0%(8) 22.2%(72) No. of adultsinfected—32;
Total 42.8%(28) 25%(48) 0% (24) 20%(20)  25%(16) 23.5% (136) % of infection — 23.5

Table 3: Age and sex wise prevalence of Ancylostoma duodenale among children of Yanadigudem, Vangayagudem and Philhousepet in Eluru
town in rainy season (Number in parenthesis indicates the sample size)

Sex Age in Years Total

0-4 5-9 10-19
In Yanadigudem
Boys 0% (40) 58.3%(24) 0% (16) 17.5% (80) No. of children tested -132;
Girls 50%(24) 50%(4) 66.6% (24) 57.6% (52) No. of children infected- 44;
Total 18.7%(64) 57.1%(28) 40% (40) 33.3% (132) % of infection — 33.3
In Vangayagudem
Boys 0%(8) 33.3%(24) 50% (40) 27.7% (36) No. of children tested - 92;
Girls 0%(8) 31.2%(16) 37.5% (32) 30.3% (56) No. of children infected -27;
Total 0%(16) 32.5%(40) 38.8% (36) 29.3% (92) % of infection — 29.3
In Philhousepet
Boys 0%(8) 41.6%(12) 40% (20) 32.5% (40) No. of children tested — 128;
Girls 8.3%(12) 0%(36) 22.5% (40) 11.3% (88) No. of children infected -23;
Total 5.0%(20) 10.4%(48) 28.3% (60) 17.9% (128) % of infection — 17.9

25.0%, 25.0%, 16.6% respectively.

Season — wise prevalence

The percent of prevalence of infection increased from summer
season to rainy season in all the age groups (except 0-4 age
group) with a maximum prevalence of 66.6% in summer
season and 95.8% in rainy season in the age group of 40-49
years in both males and females (Table 7). Next higher
prevalence (45.8%) was noticed in the age group of >60

years in rainy season. The minimum prevalence of 12.5% was
found in both the age groups of 30-39 and >60 years in
winter season.

In summer season in Philhousepet, out of 128 children (Table
7) 30.0% males, 9.0% females were infected with A.duodenale.
Males of 5-9 and 10-19 age groups lodged of 33.3% and
40.0% infection; while the 0-4 age group children were free
from helminthic infection.
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Males of 20-29, 30-39 and above 60 years age groups had
higher prevalence of A. duodenale (33.3%, 20%, 33.3%), 40-
49 and 50-59 age groups were safe from the risk of helminthic
infection (Table 1).

In rainy Season, of 128 children (40 males and 88 females),
males of 5-9 and 10-19 years showed 41.6% and 40% of
infection (Table 3), and females of 0-4 and 10-19 age groups
showed 8.3% and 22.5% infection males of 0-4 years and
females of 5-9 year group did not lodge infection.

Of 136 adults examined, males and females showed 25%
and 30.5% infection respectively (Table 4). Males of 20-29

age group has higher prevalence of A. duodenale (100%) 30-
39, 40-49 and >60 years showed 25%, 6.2% and 50.0% of
infection respectively. 50-59 years were found negative for
helminthic infection. Females of 20-29, 30-39, 50-59 and > 60
years showed 41-6%, 30%, 41.6% and 12.5% of infection
respectively. While 40-49 years were free from the risk of
infection.

In winter season, of 128 children tested, males of 5-9 age
group (33.3%) and 10-19 age group (30.0%) were found
infected with single species of hookworm (Table 5). While 0-
4 years were free of infection. Females of 10-19 years age

Table 4: Age and sex wise prevalence of Ancylostoma duodenale among adults of Yanadigudem, Vangayagudem and Philhousepet in Eluru
town in rainy season (Number in parenthesis indicates the sample size)

Sex Age in years Total

20-29 30-39 40-49 50-59 >60
In Yanadigudem
Men 100%(12) 100%(8) 75%(16) 25%(4) - 82.5%(40) No. of adults tested - 108;
Women 90%(40) 60%(16) - 50%(8) - 76.4% (68) No. of adults infected - 85;
Total 92.3%(52) 71.4%(28) 75% (16) 41.6%(12) - 78.7% (108) %; of infection - 78.7
In Vangayagudem
Men 50%(16) 20%(40) 100%(16) 50%(8) 33.3%(12)  43.4%(92) No. of adults tested - 172;
Women 40%(40) 56.2%(16) 87.5%(8) 100%(4) 58.3%(12) 53.7% (80) No. of adults infected - 83;
Total 42.8%(56) 30.3%(56) 95.8% (24) 66.6%(12) 45.8%(24) 48.2% (172) % of infection - 48.2
In Philhousepet
Men 100%(4) 25%(28) 6.2%(16) 0% (8) 50%(8) 25%(64) No. of adults tested - 136;
Women 41.6%(24) 30%(20) 0%(8) 41.6 %(12) 12.5%(8) 30.5% (72) No. of adults infected - 38;
Total 50%(28) 27%(48) 4.5% (24) 25%(20) 31.2%(16) 27.9% (136) % of infection - 27.9

Table 5: Age and sex wise prevalence of Ancylostoma duodenale among children of Yanadigudem, Vangayagudem and Philhousepet in Eluru
town in winter season (Number in parenthesis indicates the sample size)

Sex Age in Years Total

0-4 5-9 10-19
In Yanadigudem
Boys 0% (40) 8.3%(24) 0% (16) 2.5% (80) No. of children tested -132;
Girls 29.1%(24) 25%(4) 41.6% (24) 34.6% (52) No. of children infected- 20;
Total 10.9%(64) 10.7%(28) 25% (40) 15.1% (132) % of infection - 15.1
In Vangayagudem
Boys 0% (8) 12.5%(24) 25% (4) 11.1% (36) No. of children tested - 92;
Girls 0%(8) 18.7%(16) 25% (32) 19.6% (56) No. of children infected -15;
Total 0%(16) 15%(40) 25% (36) 16.3% (92) % of infection - 16.3
In Philhousepet
Boys 0% (8) 33.3%(12) 30% (20) 25% (40) No. of children tested — 128;
Girls 0%(12) 0%(36) 20% (40) 9% (88) No. of children infected -18;
Total 0%(20) 8.3%(48) 23.3% 60) 14% (128) % of infection - 14

Table 6: Age and sex wise prevalence of Ancylostoma duodenale among adults of Yanadigudem, Vangayagudem and Philhousepet in Eluru
town in winter season (Number in parenthesis indicates the sample size)

Sex Age in Years Total

20-29 30-39 40-49 50-59 >60
In Yanadigudem
Men 41.6%(12) 50.0%(8) 31.2%(16) 0% (4) - 35%(40) No. of adults tested - 108;
Women 30%(40) 15%(16) - 25%(8) - 25% (68) No. of adults infected -31;
Total 32.6%(52) 25%(28) 31.2% (16) 16.6%(12) - 28.7% (108) % of infection - 28.7
In Vangayagudem
Men 18.7%(16) 7.5%(40) 31.2%(16) 25%(8) 8.3%(12)  15.2%(92) No. of adults tested - 172;
Women 17.5%(40) 25%(16) 25%(8) 25%(4) 16.6%(12) 20% (80) No. of adults infected - 30;
Total 17.8%(56) 12.5%(56) 29.1% (24) 25%(12) 12.5%(24) 17.4% (172) % of infection - 20.5
In Philhousepet
Men 75%(4) 21.4%(28) 0%(16) 0% (8) 37.5%(8) 18.75%(64) No. of adults tested - 136;
Women 33.3%(24) 20%(20) 0% (8) 33.3%(12) 0%(8) 22.2% (27) No. of adults infected - 28;
Total 39.2%(28) 20.8%(48) 0% (24) 20%(20) 18.7%(16) 20.5% (136) % of infection - 20.5
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Table 7: Age and season wise prevalence and intensity of ancylostomiasis in the study areas (based on stool examination) of Yanadigudem,

Vangayagudem and Philhousepet

Age group No. of subjects

A. duodenale infection %
Summer season

In Yanadigudem

0-4 64 0%
5-9 28 0%
10-19 40 80%
20-29 52 92.3%
30-39 28 85.7%
40-49 16 75%
50-59 12 12%
>60 - -

In Vangayagudem

0-4 16 0%
5-9 40 10.0%
10-19 36 33.3%
20-29 56 42.8%
30-39 56 28.5%
40-49 24 66.6%
50-59 12 33.3%
>60 24 16.6%
In Philhousepet

0-4 20 0%
5-9 48 8.3%
10-19 60 26.6%
20-29 28 42.8%
30-39 48 25%
40-49 24 0%
50-59 20 20%
>60 16 25%

Rainy season Winter season
18.7% 10.9%
57.1% 10.7%
40% 25%
92.3% 36.6%
71.4% 25%
75% 31.2%
41.6% 16.6%
0% 0%
32.5% 15%
38.8% 25%
42.8% 17.8%
30.3% 12.5%
95.8% 29.1%
66.6% 25%
45.8% 12.5%
5% 0%
10.4% 8.3%
28.3% 23.3%
50.0% 39.2%
27% 20.8%
4.1% 0%
25% 20%
31.2% 18.7%

group showed 20% of infection, the age group of 0-4 and 5-9
years were found negative for helminthic infection.

The prevalence of infection was found to be low in adults
when compared to other seasons and before treatment. Males
of 20-29, 30-39 and >60 years showed 75%, 21.4% and
37.5% infection respectively (Table 7). The age groups of 40-
49 and 50-59 were found free of infection. Females of 20-29,
30-39 and 50-59 age groups showed 33.3%, 20.0% and
33.3% infection respectively. While 40-49 and > 60 showed
no infection.

Season — wise prevalence

Incidence of ancylostomiasis was higher in all the age groups
in rainy season when compared to summer season (Table 7);
this could be due to higher exposure stress. Comparatively
lower incidence of ancylostomiasis was noticed in all the age
groups in winter season.

DISCUSSION

The present survey on ancylostomiasis in three rural slum
areas explain that the infection may go up to 67-100%.
Unhygienic environment, consumption of improperly cooked
or contaminated food / water may contribute to high
prevalence of disease as suggested by Fernandez et al., (2002)
in rural children living in and around Chennai. A. duodenale
infection prevailed throughout the year in all the subjects; this
suggests the primary role of bad habits in people of study
area. The high prevalence of infection in male children and
male adults relates to the habits of working more in the fields
and outdoors, and therefore, are prone to more infection as

compared to females. The % of prevalence of ancylostomiasis
was found low in all the 3 slum areas in summer season.

In the present study (in Yanadigudem) children lodged more
infection than adults in rainy season. Yadav and Tandon (1989)
also reported a high prevalence of hookworm eggs/larvae in
places where children are exposed. Also, Toma et al., (1999)
identified the age group of 4-14 years as the high risk group.
Children and adults showed a decline of infection by winter
season. The control of transmission of hookworm infection
achieved in all the 3 slums with good medication, health
education and promoting their social status.

In rainy season, in the population of Yanadigudem, male and
female children of 0-4, 10-19 and male children of 5-9 years
age groups were totally free of helminthic infection, while the
females of age groups 0-4 (50.0%), 5-9 (50.0%) and 10-19
(66.6%) age groups harbored A. duodenale infection. Men of
20-29 and 30-39 age groups showed 100% A. duodenale
infection, males of these age groups showed a higher rate of
prevalence of infection suggesting an increased opportunity
of exposure to contaminated food (with feces). With regard to
children to adult ratio, the positivity of ancylostomiasis did
not show much variation. Men of 20-29 and 30-39 year age
groups were the high risk groups for ancytostomiasis and
women of >60 years age groups were free of risk to
ancylostomiasis. High prevalence of A. duodenale has also
been recorded in other studies from Tamilnadu (Elkins et al.,
1986) and in fishing community in Eastern India
(Bandyopadhyay, 1987).

In winter season, the females of 10-19 years age group were
found as high risk age group (10-14 year age group represents
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typical in lodging hookworm infection) as reported by Udonsi
(1983) in Nigeria The infection relates to semi urban
epidemiology as they include coal miners and animal formers.
Both the males and females of age groups 20-29, 30-39 and
40-49 years harbored heavy infection. Chemotherapy might
have provided a cure but not check or predisposition of
infection as suggested by Quinell et al., (2001) in helminthic
infections in rural population.
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