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‘I, Introduction and General Ecological
Background

Hookworm infection is largely confined to the moist tropics and subtropics,
because the eggs and free-living larvae of Necator americanus and Ancylosioma
duodenale require a-warm, moist, external environment in which to cmbryonate,
hatch, ‘and develop. This global generalization has significant exceptions where
large-scule, myy qmde ceological changes pernut the establishunent ot infection in
areas olhcrwme 'ynsuitable. For example, ancylostomiasis is an important discase
in- arcas ‘of - ﬂgym ‘which without irrigation would be much too dry for the
parasite’s sur&ﬁral it was once well-established in severai-foci in cool temperate
areas of northern Europe, where unsagitated mincs and the first tunnels through
the Alps created habitats that were sufficiently warm and moist for free-living
- larval development. Such examples demonstrate the major role that human ccol-
. Jogy can play in controllmz, the global distribution and dbundance of these
parasites. "

Natural ewlogudl variation within the normal ranges of thcsc worms will
affect their abundance regionalfly and, consequently, the degree of hookworm
infection in the human population. If ecological tactors(e.g., moisture and soil
type) are generally favorable, the abundance of hookworm larvae in the soil can
be significantly influenced by human decisions concerning the environment,
such as whether natural vegetation remains or what plants are cultivated in its
place. Extensive natural vegetation usually implies a hunter—gatherer culture
with sparse, mobile populations; in this situation hook worms are rarefy an nnpor-
tant problem (Heyneman, 1977).

In contrast, coffee, tea, rubber, and jasmine plantduons {but usually not tobac-
co, pineapple, or cotton) are often sites of heavy hookworin trunsmission and a
high prevalence of disease. Because plants vary in their ability to shade the soil
and thus conserve the moisture required for larval survival, they may exacerbate
or mitigate the public health problem. Clearly, under conditions of extensive

plantations and other one-crop agriculture, the choice of crop can have an impor-

tant regional influence on the degree of hookworm endemicity.
Water management also affects the ‘occurrence and abundance of hookworm;

irrigation generally favors hookworms, but excess water is detrunental because

larval development fails in watcr-logged oxygen-deficient soils. Thus, cultiva-
tion of rice and jute in flooded fields limits transmission of these parasites (Cort
et al., 1926; Chandler, 1928). _

Other agricultural practices, particularly thosc that contribute to the wide-
spread fecal pollution of crops, aiso enhancc trunsmission. The use of inade-
quately composted human feces as tertihizer has long been associated with se-
rious levels of hookworm infection, €specially in parts of the Orient. Even when
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feces ure not uu,d dellberdtely, hcavy Iccal pollutlon of Crops! such as tea cacao,

-and coffee occurs when large groups of laborers arg in the field from dawn to

dusk with few, if any, sanitary facilities available (Chandler, 1925,-1926; Cort et
al., 1922a,b; Cort et al., 1923a,b).

Human Ecological Factors Determining the Distﬁbﬁﬁon _
and Abundance of Hookworms

TPl e g

Because people are the only important definitive hoﬁts _6f Ancylostoma duo-

“denale and Necator americanus, hookworm disease can be an important problem

only where they pollute the soil with their feces. Unfortunately, this practice is
still common in many rural tropical and subtropical areas, ‘where the prospects

- for sanitation are limited not only by poverty but also by pr¢ference for defecat-

ing in the open rather than in latrines.

In traditional Hindu societies, human feces are repugnant not only for the
universally accepted reasons but also are considered personally defiling in a
ritualistic sense (Kochar, 1975, 1977a, 1979a). Under these circumstances, and
in the widespread-lack of understanding of the germ theory of disease, it is
virtually impossible to maintain Jatrines in an acceptable condition, and fouled
structures rapidly fall into disuse.

On the other hand, very simple structures and naturally occurring squatting
places are extensively used as latrines in rural areas of Burma, Bangladesh, and
clsewhere in southern Asia, helping to limit the transmission potential of the
hookworm eggs entering the environment. In Burma, bamboo platforms, each
with a simple superstructure to screen the user from sight, extend over steep
banks and adjacent water courses. In the low-lying delta lands of Bangladesh,
similar structures keep the small amount of available high ground occupied by
villages relatively free of fecal pollution. In the drier, deltaic areas in West
Bengal, steep banks are again favored defecation sites, but platforms are rarely
built over them; natural overhangs (e.g., trees and roots), over either a steep
slope or flat ground, may serve as elevated squatting places. Feces accumulate in
heaps, limiting. development of hookworms because hookworm eggs within such
decomposing fecal accumulations do not yield infective larvae. For this reason,
proper composting of human excreta, particularly with the addition of urine, will
result in the deatti of hookworm eggs and will produce a safe fertilizer.

Obviously, defecation habits, important in seeding the environment with
hookworm eggs, are also important in the acquisition of infection. Several lead-

- ing authorities (Chandler, 1929; Cort, 1941; Beaver, 1961) stress that most


http://Niiw.ilin-.ki

190 K G. A. Schad, T. A. Nawalinski. V. Kochar
people become infected when stationary in fecally poluted arcas, as during
detecation. Thus,. the.degree of avoidance or nonavoidance of previously fouled
sites in selecting a place to defccate becomes a matter of epidemiological signifi-
cance. The literature abounds with examples from many cubures indicating tisl
little care is taken to avoid polluted areas. Indeed. although clearly identitiable

feces are not stepped on, little avoidance occurs after their incorporation into the

soil, when they become invisible and odorless. This is particularly so when the
people do not associate feces with disease.

There are some areas such as Indiay however, where a strong desire to avoid
human feces exists; successful avoidance depends on knowing where fecal pollu-
tion has occurred. The aggregation of feces in socially accepted and generally

-recognized defecation grounds makes avoidance possible by most people during

most aclivities. In contrast, where defecation is promiscuous, leading to spatially
unpredictable pollution, conscious avoidance becomes impossible when indi-
vidual deposits become visually obliterated.

When feces are aggregated in specific arcas sct aside for defecation, most
members of the population will be at risk of exposure to infection only when they
defecate; thus, people can avoid casual and work-related exposure to infection.
The few whose work brings them into contact with defecation grounds will at
least be aware of the fecal pollution whether or not visibic evidence remains.

“The daily risk of exposure at defecation can be reduced Turther by aggregation
of feces within the defecation grounds, making it possible to avoid the specific
loci where individual fecal masses have been deposited. f1a fecal deposit is
visible, this avoidance is easily achicved. However, because of the burying
action of dung beetles and rain, a deposit disappears rapidly and combines with
the soil so that evidence of its presence is subtle (at least to the untrained cyc),
ound of loose carth. If deposited originally on the leaf-covered
ground under a grove of trees or bamboo, this fecal locus is defined further by a
circular clear area (a plaque) which stands out in the otherwise continuous carpet
of leaves and which remains even after rain has compressed the mound of loose
earth. Eventually, the mound becomes flattened with one or more holes repre-
ung bectles. These subtle signs persist for several weeks; if
avoid the

appearing as a m

senting tunnels of d
the observer knows where the area has been polluted, he/she can even
exact sites of former fecal deposition. Indeed, there is objective evidence that
Bengali villagers do avoid these spots (Section 11,E). The Bengali terms for a site
of dung beetle activity and for a fecal deposit are identical, indicating that the
original nature of an obliterated deposit is known.

Although loci of probable soil infestation can be recognized and avoided,
individuals refusing to conform to behavioral norms or lucking normal visual
acuity may be exposed to frequent and heavy infcction from the clustering of soil
infestation- occurring in defecation grounds. This may explain the increased
worm burden obs¢rved among the elderly in West Bengal.
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2. OCCUPATION

Although many -authors have associated hookworm infection with agricultural
Qccupulions involving soil contact, it is not necessarily these particular occupa-
tions {hut predispose to infection but rather the rural life style with inadequate
fagiliues for the safe disposal of human excrement. When fecal poliution of the
soil is .concentrated near homes and around villages, all persons are almost
gqually at risk; indeed those away from home tilling the land may be protected
from heavy infection by their regular, prolonged absence from the areas of
maximal soil infestation (Chandler, 1929). Ancylostomiasis may also occur in an
urban setting if sanitary_facilities are lacking; unpaved streets, alleys, and
patches of vacant land provide defecation sites for people with an unsophisticated
and essentially rural concept of appropriate behavior. - :

However, agricultural work can have an important influence on the prevalence
and intensity of hookworm infection. We have already described how particular
crops are associated with varying intensities of hookworm infection because of
the d.ifferent ecological conditions they create and the specific management
practices associated with them. - T V
. If ecological conditions permit uniform larval development and survival, the
mfcction to which an agricultural lubor force is exposed will depend on (1) the
distribution and density of fecal pollution and (2) the timing and duration of
contact with infested soil. The fecal input may be planned and narrowly dis-
mbu(cd, as when a crop is fertilized with night soil, or it may be caused by
incidental defecation on agricultural land, in which case fecal distribution and
density will vary with diverse human behavioral factors. '

Cort ef al. emphasized the great danger of housing agricultural laborers along
the edge of the plantations where they have to work (Cort, 1941; Cort and Payne,

" 1922a). This was notable in Trinidad, where feces accumulated between the

rows gf sugar cane behind the workers’ housing so that they were exposed to
infection not only during defecation but also when going to and from, and
during, work. :

Coffee pickers may be exposed to very heavy infection. They remain in the

groves for continuous, prolonged periods because picking is a weekly activity for

several months; thi_s results in extensive and intensive soil poliution (Cort et al.
1923a,b), and by the end of the harvest season larval populations are uniforml)"
dense and infection correspondingly heavy. _— :
Laborers on tea estates are also subjected to heavy infection (Napier, et a:l.
1937; Rice, 1927) because they spend long hours far from latrines in the te:;

~ gardens where soil pollution is accepted. During the harvest season, every bush

is plucked weekly and systematically, precluding avoidance of, and insuring
prolonged contact with, polluted ground.
"Heavy hookworm infection has been perhaps nowhere more certain than in the
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o i muddy ficld that hud_h'cm,v’omumu;utcd with fecay at some Hime previously
(Koshy et al., 1978). '

‘The possibility of water-borne ancylostomiasis remains in some doubt, but in

“at least one incident infection seems to have occurred while the subjects were

swimming because itching and other symptoms suggestive of hookworm der-
matitis began while they were still in the water. This was followed in a few days
by a severe, life-threatening, prepatent ancylostomiasis; the diagnosis was con-
firmed by finding extraordinary numbers of young worms in the feces after
anthelmintic treatment. In this instance, torrential rains apparently had carried
very large numbers of ancylostome larvae into a small bay from an adjoining,
heavily polluted valley (Ashford et al., 1933a,b).

The attending physicians described these incidents and published their find-
ings because the infections were very heavy and the patients had unusual symp-
toms of special medical interest. Had smaller numbers of parasites been in-
volved, the diagnosis might not have been made; perhaps investigations into the
mode of infection would not have been conducted and the information would not
have reached the literature. it is possible, therefore, that water-borne infection
may not be as rare, and occupational groups associated with water may not be as
protected, as is generally assumed. Ghadirian et al. (1979), for example, thought
that rice farmers in Iran are particularly at risk, acquiring these infections in
flooded fields. However, no evidence was provided to support the suggestion.

3. FOOD HABITS

Hookworms are rarely considered to be food-bome parasites. Most textbooks
cunvey the impression that they invariably enter the body percutaneously and in
fact N. americanus does; A. duodenale, however, is able to establish successful-
ly after oral entry, as has been shown in experimental subjects (Kendrick, 1934).
Foud-borne ancylostomiasis is widely recognized in the Orient, where an allergic
response to orally acquired larvae (known as Wakana disease in Japan) is associ-
ated with eating the small, young leaves of Chinese cabbage and radish (Mat-
susaki, 1966).

It has also been suggested that human hookworm infection can be meat-borne
{Schad et al., 1980); they observed that ‘A. duodenale larvae migrated to the
somatic musculature of several swine, rabbits, and a calf, where they survived
for at least several weeks. Lambs and chickens were partially or totally resistant
to infection. These preliminary observations suggest an entirely new route of
infection whose significance requires further investigation. '

Some foods have anthelmintic properties, although none sufficiently strong to .
be valuable chemotherapeuticatly. As we know very little about the long-term
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effects of weak anthelmintics on hookworms, it is possible that food habits could
directly influence worm burden. Certain foods (e.g., onions and garlic) adverse-
ly alfeet the development of the free-living stages in feces (Bastidas, 1969);
presumubly, diets rich in these foods would hive an adverse effect on the para-

SIS eprodygtive suceess.
D

" 4. " CULTURE AND RELIGION |

..

The degree to which people avoid fecal contact depends on aesthetic,
hygienic, and/or cultural considerations. Aesthetic considerations are undoubt-
‘edly those which mast often inhibit such contact. Hygienic considerations (i.c.,
.associations with disease) also inhibit contact, but how complétely and con-
:sistently depends on the level of understanding of disease transmission.

In some gultures, human feces are avoided not only for the reasons given but
also because contact with them is considered defiling. 1ln Hindu and Muslim
cultures of Asia, the act-of défecation is considered defiling and elaborate ablu-
tion practices are necessary 1o ritually purify the defiled individual. These beliefs
and practices reinforce the abhorrence on acsthetic and hygienic grounds and
usually result:in almost complete avoidance of fecal contact, even where defeca-
tion outdoors causes at least some contact to be inevitable.

Among both Hindus and Muslims in rural India it is essential that one achieve
a certain personal sacredness, perceptible by others, to maintain‘onc’s social
status (Kochar, 1979a). Purity is one aspect of this sacredness, and a cleansing

act must be performed after defecation or contact with fecally polluted places.

Furthermore, impurity is considered contagious and contact with defiled objects,
places, or persons must be avoided. Thus, in traditional Indian society, ablution
and a change of clothing follow defecation; food crops are not fouled with human
excreta, and contact with fecal pollution is generally avoided. .
Additionally, regularity with respect to defecation is considered a virtue, and

daily bowel movements at the correct time and place, invariably followed by .

ablution and often by a bath and change of clothes, is generally expected behav-
jor. In fact, this sequence in whole or part has become a daily ritual. Kochar
(1979a) states that a popular Bengalt text on the daily rituals of a religious Hindu
household begins with detailed instructions concerning delecation, even specify-

ing the direction in which to face. He outlines the typical routine as found in our

investigations:
Defaecation every day early in the moming is considered desirable and in fact about 30% of
adults complete the act before 6 a.m. Ablution must be done immediately after defaccation by
entering a pond or other water body (since Bengalis do not usually carry water with them fike in
other parts of North India) and by rubbing the peri-anal skin with water in squatting posture.
This is followed by rubbing of hands with soid as [a} purificatory act. The termination of
defilement is symbolized by taking by hand 4 mouthiul of water and spitting it out. Many also
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In thls chapter, we will present selected parts of the investigation, particularly

. those that involve human ecology.
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'B. Physnographlc, Climatic, and Demographlc
Background

HOOGHLY DISTRICT
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KHANERBER

20T

3' e -©
A
DIPUR
0

| :
The research was conducted in an old delta region of gangetic Bengal lying
1). Like Calcutta, this arca has

*hiy District. Wegy Bengal, India.

East Longitude, 22¢ 44’

about 40 miles northwest of Calcutta (Fig.
sharply demarcated seasons, with the monsoon rains beginning in mid-June

decreasing through September, and ending in early October; March through May
is hot and dry (Table I).

The low-lying deltaic plain has a few sluggish rivers, many irrigation ditches
canals, and innumerable man-made ponds (1anks), mostly associated with habita-
tions (Fig. 1). The general flatness is interrupted by excavations for sund and
clay and by the mounds of carth dug from ponds, canals, and ditches. The

O

{ BELEPUTA
v 0.,
Lo
KHANKHANPUR *% ©
3
CrN
. )
) l.‘
e o
o]
o Q.

WEST BENGAL

Y area (88°8° 27" 10 88° 10’ 34
Harip

cropland consists of extensive treeless arcas divided into small plots by low
earthen ridges (bunds) that also serve as dikes for irrigation and as raised path- Y. ¢ c 0t
ways. These plots are planted with rice. jute, and sugar canc. In the dry scason, 0.0 dqr°c 3
.. . . 2004 - : =
irrigated land is planted with vegetables (potatoes, eggplant, cabbage, and okra); v22 18 g ’}/ g 5

P . o . . . 3 o, g Y : -

land that cannot be irrigated is left in rice stubble that is often grazed by cattle, 8p ™ DL»; .0 °°..-°°..° _O T 5
; sr i : . el . G 2 = "€ P gt 3 g a
sheep, or goats. Villages with bamboo and banana groves, palms, and occasional Z a? g tye, et drL 5 - 235
T . _ . ™) ‘. RO - w e
shade trees contrast sharply with the areas of open cropland (Fig. 1). ‘ et s ° oﬁ,' 2 E k4
Our investigations were based on the carlier work of Chowdhury and Schilter ’ A n o £
S e 1 .U
3

(1968b). They chose Bandipur Anchal because it was one of the few areas in
Bengal maintaining adequate demographic records. We also used these data to

select sample populations for our investigations.
The study area included 12 villages with 4 total population of 6268. It was
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TABLE 1
Selected Meteorologicul Datu for Calcutta, India, 1881-1940¢
X Daily X Monthly X Days
maximum temperature rainfal =01
PR (°rF) {(in.) tin.)
Pl L g0 04 - - .08
oy 84 1.2 2
S R 93 i.4 2
C 97 1.7 3
:l,.; ! 96 5.5 7
s une 92 i1.7 13
Iz i uly 8% 12.8 18
S Aug 89 12.9 18
i1 Sem 90 9.9 - 13
SN 89 45 .6
“ "Nov 84 0.8 1
o i Dee 79 0.2 0.3

aE
v ' i_ “From Tables of Temperature. Relaive Hunudity and Precipitation
, .+ for the Wond, Part V. Asiu. British Muievrological Office. London,

1966. (Reproduced with the permission of the Controlier of Her Britan-

‘nic Majesty’s Stationery Office.)

about  mile in width and extended 3 miles along the north side of the Kuna River
(Fig. 1). The width of the areu was choseh so that we could detect any effect on
hookworm transmission caused by distance from the river. This scemed plausible
because many of the more distunt ficlds are aot irrigated in the dry scason,
remaining in rice stubble. The study arca was sclected (o the farper arcas
studied by Chowdhury and Schiller (1968b) so that our ficld station in Bandipur
Village would be centrally situated and so that all villages were generally ac-
cessible by jeep or bicycle even during the monsoon season. Of the population
about 89% were Hindu and [ 1% Muslim. A detailed survey of our entire sumple
population indicated that 22% belonged to households classified as non-
agricultural; 35%, owner-agricultural; 19%, part-time agricultural; and 25%,

nonowner, full-time agricultural labor.

' C. Samples and Methods: Parasitological

———— _____Two parallel fongitudinal investigations of the prevalence and intensity of

hookworm infection were conducted. The first involved persons of ull ages and
was designed to provide scasonal and group-specific information on parasite
burdens and on the number ot hookworm eggs entering the environment daily.

tiony.
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: LR By v oy
Our basic rando : ' ' -
M sample of 750 people j
assure . Ple in 100 househo} i
thoughzi?f?u?te fepresentation from each village. This S(ismwg Wel:ghled N
imatel‘y bim‘(frl;f:; to provide 600 regular participants during,'sucges’si:: l:h .
population. It Waga;;)(l)mdsdo? fecal examination, represented abouf & g;;f?; -
‘ use . 10 e
D, - lor the anthropological Phase described in Section
During the first roupd of f
. I ound ‘of fecal examinati bl
16% of those w dMinations, tregiment was offeré
03¢ who cooperuted; ussuming some refusafs. abopt 169{%?:?:6«: abolu ‘
sy alo) , ample

’
. . n .

In the first year of st i

v udy, 560 children we i :

were ad . L re examined bimonthjy: i

e :m(:;eq n the second year. An average of 320 (302-383) i 320 Ch”d'ren

i 0 the first year, and 417 (395-445) in th Were cooperative

overlap of 63%. 2/ in the second, with an average
All fec A - '

©8 were examined by a quantitative modification of the Kato techni
ique

using a 50-mg sa@ple of well-mixed feces (Martin and Beaver, 1968)

 D." Sample and Methods: Anthropological )

A subsample consistin
v g of half the main
random) ; . sample of 100 house
persons Z C{z H??;ﬁ?c _anthzop';)logncal investigatiops; 49 hous:t?:fj;swﬁtzr?;g
i ipated. The : N . 352
porized as follows, p he anthromlogxc.ﬂ 1nyestxgations may be cate-

N

f. Census:; all 100 sa i
e mple households L
demopr: . were covered i i ;
¢Mographic data for both the parasitological and the antl?r]::gl):)gt?c Olb.t"’ln basic
: S al investiga-
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2. Mom.h(y survey of defecation habits: the time and {ocation of every stool
. pussed by.all memburs of the subsample houscholds during the 24 kr preceding
the lnt;f\qu Wﬁ{?’ rcwrdcd ;nomhly The location of cach of 4395 stools from
352 subjects; w@s ‘vgrified and recordcd on enlarged land. use, nups. 80

SRl '"3; M fpm gy. of ¢ dn.fecauon gmunds each month, ong person from cach .

subsample house old was requesled 10 physicalty idenufy.his or,her staol. Ob- | 70 Co
servations.of 448 stools included the degree of fecal pollution around the identi- i
fied stool, its distance from the nearest stool, the average density of pollution C
within the defecation ground, and a time-motion simulation of the distances
covered from house to trail to pond, etc.

A. Direct observation of defecation behavior: from a discreet distance of at
least 150 yards, 200 unidentitied subjects were observed at 19 sites over a total of
42 bhr to document the sequence of activitics and movenent to and from the
defecation grounds. Accurate time records were also obtained from reliabie

subjects who were taught the use of a stopwatch. :
5.:Land use and stool distribution studies: enlarged village maps were used - 1o
for marking the location of all observable human stools during two different ' o [
seasons in representative villages. - : 2
. 7 -
‘ 0 _ Agein Years
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E. Prevalence and Intensity of Hookworm
Infection in Rural Gangetic West Bengal

1. PARASITOLOGICAL OBSERVATIONS

Figure 2 (Nawalinski ef al., 1978a) shows that the prevalence of infection in
rural Bengali children increases rapidly with age so that more than half of all 5
year-old children were infected; by the cleventh yeur, prevalence reached 90%
with a mean fecal egg count of about 3000 EPG among those infected. Both
prevalence and intensity of infection were greater in boys than in girls (p
< .025). : ‘

Prevalence of hookworm infection increased much more rupndly among Mus-
lim than among Hindu children, exceeding 90% by age 4 and becoming almost
100% among children older than age 7 (Fig. 3). Among Hindus, prevalence did
not approach 90% until the children were 9 years old. There was little difference
in the overall mean fecal egg count of the two religious groups, but the difference
was significantly greater in Muslims than in Hindus in 9 of the [0 age cohorts
(sign. test, p = .11). It is interesting that we also found significantly higher
prevalences of other soil-borne helminths (i.e., Ascaris umbricoides and Tri-
chuns trichiurg) in Muslims than in Hindus. 'lh(.\c abservations supgest tha
human behavnoral factors “related to culture or sociocconomic status have @
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marked ceffect on' the rate of acquisition of hookworms and other soil-borne
helminths.

Data from our basic sample showed that prevalence increased rapidly with age
and reached 90-100% among adults (Fig. 4). ‘The-'rapid rate of worm gain
observed in the study of children was not maiptajn (o)} ulthood..In fact,

" in imen thé intensity of infection rembined rcigz?\l'@ﬂmﬁn @ﬁ(‘)#ﬁ?gjﬁg adult-
hood through middle age. A similar pattern was seep in wémen, who may have
had a slight net loss of worms. In the oldest age group (over 54) the intensity of
infection increa‘sed again. Kochar (1975, 1979a) used these same data in evaluat-
ing the effcet of various human factors on the imcnsite' of infection.

2. ANTHROPOLQOGICAL OBSERVATIONS . 8

i
It is evident, if the defecation arcas are usually the only imponanlt sources of infestation, and
exposure during the act of defecation the most importaju time of infestation, that the details of
the defecation habits are of very great importance.* tos

i
a.  Defecation Grounds

About 9% of the sample houscholds had latrines but few people use them; only
0.8% of all stools were passed in latrines. In rural Bengal, certain plots of lund
are recognized socially as defecation grounds. Households situated in wooded
areas often have an adjacent bamboo grove which is used as a site for defecation.
Nearly 15% of our subjects had a bamboo grove beside the house; another 10%

had another nearby shaded habitat (banana, brush, etc.) used for defecation. Of

195 defecation grounds surveyed, 73% were in bamboo and other shaded hab-

itats and 23% were fields. Unlike permanent defecation grounds in shade, those
in ficlds are temporary and transitory. Fallow as well as planted lands are in-
cluded in the designation *‘fields,”” but land planted with a food crop is not
considered pollutable and only rarely is a stool deposited in such a site. During
the dry season, a special class of defecation ground (hegomath) forms in fallow

ficlds. These hegomaths are characterized by
stools,

a very dense concentration of

Defecation Behavior

“As mentioned earlier, contact with feces or a defecation ground defiles a

Mindu. However, when a villager enters a defecation ground for some other
purpuse, he will not be unduly concerned about feces around him and a purifica-
tion ritual rarely follows. Regular, early moming defecation is considered desir-

*From Asa Chandler, **Hookworm Disease,” p. 195. Macmillan and Co. Lid., London, 1929,
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'Fields were used regularly by 80%-of agricultural families and' 45% of non-
agricultural families. Interrogations over 1 year revealed that 43% of all stools
are passed in ficlds, 22% in bamboo, und 39% in all other fully or partly shaded
habitats.

On the basis of the time and motion simulation, about 95% of our subjects
walked 3 min or less to a defecation ground; 82% walked less than 2 min within
the defecation ground; 96% walked less than 4 min (average 1.4 min) in selecting
a site, which took about 6 scc to reach from the track; H7%!of the subjects took
less than | min and 72% less than 4 min (average 3 min) 10 defecate Ablution is
performed immediately after defecation: 41% took less than] ' min and 83% less
than 4.min. (average:2y5 min) to enten the nwaterlrlwulh}ﬁ FMW{JM?HMM itg
ubiquitous tanks, -canals, and ponds, ablution occurs"wh le dwndmg
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n water.

¢.  Avoidance Behavior o :~i5

Table I shows that avoidance of other stools by villagers while defecating was
increasingly equivocal as feces became incorporated with the soil with only
evidence of dung beetle activity remaining to mark the location. These *‘traces,”
which are least likely to be avoided, constitute the real danger, because fresh and
partly turned stools would be too recently passed to yield infective larvae. This
equivocation was emphasized by Kochar (1979a).

However, the interaction between man and hookworms when examined on the
most relevant scale for the interaction of humans and hookworm larvae (i.e., the
length of a human foot) shows that human behavior is protective. As seen in
Tuble U1, irrespective of age or sex only 2% of stools were deposited within 6 in.
of a trace of feces and only 12% within 12 in. Most stools (67%) were deposited
16 in. or more from a fecal trace, indicating that even those loci on which stools
per se were no longer visible were repellent. This is consistent with our recov-
cries of hookworm larvae in which few clusters of larvae were found within an

- annulus around a fresh stool equivalent to a human foot in width (Table 1V).

Furthermore, because it is not precisely known where the feet of the subject
were placed during defecation, cven traces within 12 in. do not necessarily imply
an infective contact; Although Kochar (1975, 1979a) has interpreted these data
utherwise, they are consistent with the relatively strict fecal avondance so thor-
oughly stressed in Hlndu culture. : -

~d Use uf Defecation Grounds; Hookworm Habtlat and

T ralmmzs.slon

Of the stools ndentiﬁed during momh}y interviews of persons included in our

~athropological subsample, about 75% were deposited in defecation grounds. Of

these deposits, 72% were in shaded habitats where transmission most often
ocurs during activities associated with defecation. Of the remaining 28% identi-
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TABLE N
o+ .. Digtance to the Nearest Partly Turned, Fully Turned. and Trace tecul
: . Drposits from Euch of 380 Subject-Identificd Stouls
1) oo -
T £ -
| o Partly turned Fully twmed Trace
L ;Dli':s'pdmc' it Number - % . Number % Number %
N i -
oL e 2 30, e a3 225 59
. ..;,Mh Lou . 58 15 O I RUR AL LT BT L R RO
>6 ft 20 55«0 3 36 71 19
Toty) 380 100 IR0 100 380 100

fied in various nonshaded areas, 80% were in ficlds where transmission would
not necessarily be limited to times of defecation (Kochar, 1975).

Based on this information and on the umount of time villugers spend at various
tasks that might expose them to infection, it can be calculated that for persons
who plow fields or harvest jute the activity-specific period at risk is about 3 hr
per transmission season, or about 45 min per month (June 15-October 15). For
persons who cut bamboo or collect fuel (the latter often are the aged), the
respective figures are 41 min and 54 min per month. For these occupations,
Kochar (1975, 1979a) reasoned that the increased exposure should be reflected in
increased worm burdens, and expected this to be reflected in increased fecal egg
counts among agriculturalists, particularly the nonowner agriculturalists (i.e.,
parttime and fuiilime agricultural workers) doing the most menial tasks.

Thirty percent of all feces are deposited in shaded sites that provide a more
favorable habitat for hookworm transmission than their unshaded counterparts;
direct sunlight is ovicidal and larvicidal, and stools are more aggregated in the
shaded sites. Only 23% of persons defecating in bamboo encountered fow densi-
ties of fecal pollution (<5 stools/100 f12). Open habitats contain 43% of all
feces; except during part of July and August, they provide an unfavorable hab-
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FIG. 5. The intensity of hookworm infection in rural Bengali villagers by village and degree of
concentration of stools in ficlds (from Kochar, 1975). : : 500
< 0
sion that work in the fields far from the dense fecal pollution around settled arcas a4 2000
was, in fact, protective (Chandler, 1929). ’ : s - 1000
_Closer examination of the data suggests that a more subtle explanation of the S 3 E
observed dificrences is required. If exposure to infection in the ficlds during S 500 O
agricultural activities was largely responsible for the diflcrences beiween oo § 5’ 250 2
cupational groups, this difference should occur onby in groups of working age. : @
Figure 6 shows that the diffcrence is apparent cven in young children who are not ; 100 i
involved in agricultural work, which suggests that work-related difterences in
exposure are not the crucial factors determining the between-group differences.
If agricultural involvement per se does not provide an explanation, What does? _
We suggest that a combination of much more subtle factors associated with the ‘ A20 0 40 50 g
overall life style of these groups controls the additionaf amount of infection FIG. 6. The Age-Ciass Midpoints
H artene e daceee b o : 7o O 0e mienyy S
observed in the various les‘\w:\ of agmgltu@m. _ he Samily head, Up;):ng:’:ptookworm nntcc{uon In rural Bengalj viflagers p
Additional evidence Tor this interpretation of the data has already been present- Cm = agriclbop oD PIESENES duty for femules, ower graph f, ¥ sex and occupation of
N -lubor; S part-agri; - . .. = owner-agris - Ph for males. Family occupation
) o o ' R = non-agri (from Kochar

ed: we indicated earlier that two villuges did not fit the overall trend showing a
decrease in intensity of infection associated with the increasing use of fields for
defecation (Fig. 5). Bandipur showed the lower mean fevel of infection, although
a large proportion of the stools was deposited in shaded sites favoring hookworm
transmission, whereas Beleputa had the higher mean level of infection although
more than 75% of the residents’ stools were passed in fields. Of particular
relevance to the argument presented is the fact that those villages represent

————extreme.contrasts in education, caste, sociocconomic status, and locul ccology as
1

Y Occupation, " suggesting
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- 8 87 cable in ceological terms.
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554 - 5 z 3 ) ¢ 4000 1. ECOLOGICAL EXPLANATION (SCHAD, 1966) oo
dia p gl ¢l 3 gt i |aooo
5.0 [ ! -1 ? 2 © 2 * 9 N N BT 1 l‘ [
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: e o §F ‘12’ . 5 2 - 2000 " The abunddnCL ot .md(lablc infective lapvae, approhphe &51 k)r t}x St pf thc year. During
s 22 {!:i < 2t 2. ! . g s ‘the-long dry -periud (October to mid-June); the few Javae NPRIGR e e p "afier an occasional
- 2| 3 5 o
8 £t 9{ ERRER ¢ a rain are aggregated, but are rarely on the surface where contact with man is probuble. During
Q@ 3 f? Al - 1000 ?g the monsoon, conditions for lurval development and survivad are somewhat better, but the soil
u 4.0 § - S * becomies and remains waterlogged. This water-logging, however, permits formation of sheets
g.f' §§u 3 ‘;’ * S of surtace water in which tarvac, cpgs, or both can be ¢carried passively or move actively, w be
- 351 g = ' % redeposited when the surface water drains, Redeposition yields a non-aggregated patiern of
‘2 distribution. Thus, human contact with a few larvae becomes highly-pmbahle but contact with
3.0 ] many larvae remains very improbable.
3 - 250 [n the brief moist period after the monsoon when soil moisture condmons ‘may be ideal, it s
25 § probable that aggregated lfarval populations form within the lmm_edwle area adjoining fecal
’ § deposits. IF barval dispersal on the surface of the soil cannot take placs, it is possible that man
g pe take p po:
i ] escapes infective contact because he deliberately avoids visible (evidence of) pollution.
d
0

Occupations Subscquent cfforts to explain the enigmatic prevalence/intensity relationship

by Schad et al. (1975) and by Kochar (1975, 1979a) are firmly rooted in this

i village individual occupation
1 infec | rud Bengali villugers by i
F1G The intensity of hovkworm infection in ru
FIG. 7. The intensity ©

. original purely ecological hypothesis.
{from Kochar, 1975). p p
ted in Fig. 7, but here too occupation is con- - 2. THE ECOLOGICAL-SOCIOCULTURAL—IMMUNOLOGIC
nie B
intensity of infection is P’c“ﬂ exanple, nanschool children have the }llol\‘;ml SYNTHESIS (SCHAD E7 AL.,1975)
other factors. 1'0f CR hoolchildren -
o o counts, but this catcgory includes miny young B L e This synthesis i based ltidisciplinary investigations in India, s
fecal egg couns, O sufficient time to have accumulated larg is synthesis is based on our multidisciplinary investigations in India, some
whose Jow egg counts partly reflect " sational categories can be combjned into of which have been reported previously in greater detail (Schad et ul., 1973,
numbers of worms. The umaln(llnz, ocu;: cal workers. Although the fornier have - 1975: Kochar, 1975, 1977a,b, 1979a,b; Kochar er al., 1976; Nawalinski ¢! a!.,
3 apricultural and agricuitd e largel 1978a.b).
e non‘;iums than do the latter, itis alse true that the former arc gely b)
lower mean €gg

ma wC 1S lhd“
“ hdlbol fCWCl ddull wOorn
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he data presented carlier are particularly relevant. A}: bl“ziwnt;gy:lillhough : is Infective larvae were consistently recovered from the soil surface during the
the data .an cuag counts than 4O
have lower mean Cgg
out childhood girls

; " cection as children. monsoon period, June to October, but not a.fter the soil became dry in NO\{ember
ful that the sexes arc differentially exposed 10 infe or December (Schad er gl., 1973). Experimentally seeded -plots also failed to
doubtful tha

yield infective larvae during the dry intermonsoon period (Schad, 1965, 1966).
These observations indicate that for 6-7 months annually larvae rarely, if ever,
survive on the soil surface where they would be in a position to infect man.
Because our monthly soil surfice samples were taken within an annulus
s prevatence of it nestions. o s et dfecaed. A frequoncy disibution o e
It hus been suggcslcdl;hu‘ ulk((‘:\t‘itr]xjigr e Chernin, 1954a,b: Chowdhury ‘ subjects . A frequency
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recoveries of infective larvae based on this focal method of sampling (Table 1V)
shows that 86% of the positive samples contained 10 or fewer larvae, and only

very rarely were dense populations (> 100 Jurvae) found.
deduce thut (1) the villagers rarely, if cver,

9¢ and  Months of Exomings;

&
n

From these sets oi daia, we deduce that
encounter hookworm  larvae during the dry season: (2) they encounter them
ge

frequently during the monsoon; and (3) at any single encounter, the avera

person will contact only a few infective farvae.

b.  The Dynumics of Infection as Reflected in Fecal Egyg =
Counts §
A marked seasonal variation in worm burden as judged by fecal egg counts =
was observed (Fig. 8). The meun egg count varied significantly (p < .005) from E
a4 midmonsoon peak (2700 ¢pg) to an intermonsoon nadir (1850 ¢pg). then o 2
second peak (3050 epg) during the following monsoon season. The concurrent _5
investigation of children showed o similur seasonal pattern, with some uge- 2
cohorts being net fosers of worns year to year (Fig. Y). This annual loss of adult = E 2';
worms must act as a major regulatory mechanism of the hookworm population. §§ £
Data from the investigation involving villagers of all ages also showed that the s E
intensity of infection did not increase with age from 15-19 through 45 -54 yeurs & ‘:? §
Q2
(943) Apisuagu) ubay l-: g g‘

and, in fact, it may have declined slighliy among females (Fig. 4); it increased

again in the aged.
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Anthropological investigations of the time and place of defecation and of
hwsan behavior in fecally polluted habitats indicated that there wis no iaicise:
in the use of fobtwear or decrease in contact with Tecally polluted soil that could
account for thig decicase in woum gaun, nor wis there adecrease in the Dieguency
of bowe‘l}lnb\)cxnénts that might reduce the number of infective contacts. A study
of the distribution of human feces showed that fecal pollution is restricted largely
to aféé}'i':'réi:og'rjiz;ed as defecation grounds and ‘that imost of the population has-
little contact with these areas except during activities related to defecation.
Therefore, we cannot account for the failure of worm burdens to increase after
young adulthood by a change in the rate of exposure, although the increase in the
aged may be explained in these ways: they are traditionally given tasks that could
bring them into more frequent contact with fecally poliuted soils, or there may be
a decrgased abjlity or desire among the aged to avoid fecally polluted soils.

. 1.

c. P(oﬁbsed_ Explanation of the High Prevalence of Light
Infegiions. :

.

Our data suggest that the hookworm populations of man in West Bengal are
regulated by a seasonal loss of worms in all age groups and by a failure to gain
worms {rom one year to the next during aduithood. A constelfation of ccological
and human behavioral factors interacts so that man is exposed frequently to low-
grade invasions. This rate of infection, known as “trickle infection,”” probubly
provokes an eifective host resistance so that the average villager sustains a low
worm burden. In laboratory investigations of the related hookworm Ancvlostoma
caninum, frequent exposure 1o smail doses of hookworm larvae was very cifec-
tive in protecting dogs against a heavy challenge infection (Miller, 1965).

The concentration of feces in recognized defecation grounds and the cultur-
ally-based avoidance of these areas limits {requent, casual contact with [urvae;

- consequently, most exposure to infection occurs at the time and place of defeca-
tion. Even then, there is Hitde or no risk for 6-7 months during the dry part of the
year. After the onsct of the monsoon, contact with lurvac is frequent. but, as we
showed, larvae will usually be encountered as individuals or in small aggregates
{Table 1V). Dense populations ol infective lurvae must oceur direetly on the sites
of old stools, and unpublished data (Schad, 1965. 1966) indicate that they do;
however, human behavior is again protective as such sites are recognized as
fecally polluted even after the stools per se huve disuppeared. This presumably
explains why our samples only rarcly contuined lurge numbers of larvac. Further-
more, should they contact such u site after repeated low-grade exposures. most
individuals may be resistant. :

We suggest that the postmonsoon loss of worms is caused by increasced host
resistance following several low-grade invasions during the monsoon scason,

and the faiture to gain worms duting wost of dult fite may be attributable o
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Increased  resistance

following ¢ infebiions d o
oled T g repeated inféciions: during - childhood and

THE SO) 1OCULTURAL, MO, (KocHAr 1975 |9794)
g N oy [ o
1o + - o B
i : e ‘

U?"Wﬂﬂj’éﬂm‘ﬂm popula-

“) ma.“j‘ ! s b

Lt gd wiik 1y IR N ! .th‘i g
" tions"in: Bengal,' Kisbhar (1979a)'states that"! aﬁﬁmhm
[ ceoabdes T R i“(!w I

In his most recent statement concernin

S T S R T ;
St I {RVRZE
. The existing epidemiological Ppattern of high p o

plained by the following concurren factors: fcv-’ifeﬂ(;? mﬁ IO:'W' Weasity can be parly ex-

l. {\.un‘iﬁl)rml)f high probability of contactin .
soil infestation, abscnce of latrines

defecation grounds.

3. ,‘.\‘umfor.n‘ﬂy on probubility of larval develo
n‘c gondmons limiting the development of
panfculgrly), Squatting time,-and short durat;

4. Other common f; y enrhanci .
St e :: ;oc;:)r: )m]h:ncmg the probability of hookworm success by small ¢
. : -onditions during wet seago, itats fi ion.
; :\nd iugncu!wrul activitics in polluted fields " o o shaded it for defecation.
. A relai igh risk i '
o s‘Ozi:‘\I/c:dll);dh;g,h ‘nslf among agriculiural laborers and theijr families du
3 and ecological conditions under whi i
ich they live and woark

6. Relative preval i ‘
) ence (sic) of a variety of **protecti oo
tion (Table V), y of **protective factors Vis-a-vis hookworm infce-
7. A dﬂmnura I‘
. o - MORTApNC prenonderance. of lawe micl e :
Females). prep OF sew risk population {children and non-working
8. A high awareness of
€ss of, und anxiety abo ini
health action within the folx Y aboul, subclinical ailments leading to iti
thin the folk cufture context (including popular amhclnfim‘ccar:y p:smvc
f Hics of unknown

€ (0 a combination

efficacy),

Kochar reasons that if soci

_ Koch sons sociocultural factors (Table i

}ng?;hookwct)]nn]gopulations, much of the variation in \t/}ieare on
sho be accounted for b h

ooction d ount Y the proper model. In hi al s¢
regrgssit;: lmw.‘f{ mode) thg. 10), 18 variabies included inna b:'frgenml e
Sy a4 im we.re tognd to account for 62.7% -of “the var'dry mf"“PIe
"Fac(iOnyof . Zo 'w.qrm infection among our villagers (Table Vl)' Be;:n?e e
variance had been accounted for, he céncludéd t‘hat so:'bebifllarge

1obehavi-

'€ Important in regular-
intensity of hookworm_

suggested (Chandler, 1929: ¢
8t d ) »Lont, 1941; Beaver, 1961
ciuuse the parameters defim. fafarrt » 1761; Schad er
o v;}ri:n f:ri\nl]:l:crs (}I]ef)ngd as dglecation factors*’ alccountedefo‘;lc.;nll 9?32/ bct
Sefopian ’.r ’ d(?ug. ,he_agrees. with the authors cited that focal trans )’ . F)t
grounds is the most impontant single mode of infection m'STO"d'"
» @8 alrcady
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TABLE ¥

Socioculwral Factors Predispusing Bengal Villigers wowad, and Protectng thear hom,
the Risk of Hookworm Infection

RISk Factors’

Protective factors

Universi practive af »gj) potlution

Universid equivocal avoidance of stuols in
svlcc(_ing 4 squatting place

Civersal practice of going burefoot

Prolonged or frequent activities in defecation
arcus
Soil pollution restricted 10 localized detecation

LA § 17 k-|![}.r” ity pogmy o, LR AR

- R T )
Lauines and “sunple larings’

Strict avoidance of stools in sclecting a squat-
tng place

Use of footwear during activity in infested
arcas

Restricted frequency or duration of activities i
detecution arcas

~ Diffused soif potlution decreasing the Euval

areas increasing the larval populations per populations per unit arca
unit area. | - '

Defecation in shaded habitats increasing the
chances of survival of lurval populations

Pollution of fields under jute crop

Detecation in open habitats decreasing the
chances of survival of farval populution
Universal avoidance ot potlatiore of ields un-
der crops

Fewer defecation grounds (small area per Muny defecation grounds (large area per
person)

Absence of trails or pollution on truils

person) e
Presence of waily and avoidance ol pollution
on trails
Strict socialization of defecation habits

Pour socialization of defecation hubits J
Universal practice of ablution soon after

Irregulur ablution or delayed ablution
defecation
‘Recognition of risks of infection and recogni-

of hivh infection

Noarecognition of risks: nonrecognition of
tion ot cariy sympions ¢f high

carly symptoms of high infection

“From Kochar (1979a).
noted he sees the observed correlation as w matter of increasing mobility wnd
interaction with fields with a substantial amount of transmission attributable o
diffuse soil infestation in the fields.
4. COMPARISONS WITH OTHER AREAS

The literature suggesls that in many arcas where there are, or were, high

prevalences of heavy infection, ccological and behavioral factors interact so that -

many infective larvae are contacted at individual exposures. [Cis noteworthy that
heavy infections have often been associated with particutar Kinds of agriculture
that favor abnormally high numbers of lurvae. and with human behavior that
increases the risk of massive exposure (Cort, 1942). The exchange of worms
between indigenous and nonindigenous peoples in some areas of the world where
heavy infections have been prevalent also merits consideration. In the southern

|
|
i
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) iy ) X S5 JE NI
8. Hookworm Distribution and’ Abundance ‘
I 3 ; Cou ey, 217
) P 2
Villagu " sEs ' r_,-f"f‘ﬂ s
Caste {o Famuysae : 0 Unaccounteg | ) o Aee
Feligion Sanitation Sociat [} o e EREEa - 7 .
Family Occupation ] Factors I Occupation
- '_ — o - Participation
GROUP FACTORS . ! : :
cToRs i " . INDIYIDUAL FACTORS
\ ‘ {".'I { ,z}(,"_,(f,, " ik ”,! gy e
: . o] i :
e———— SR
I omer i Variation » r T
1 Ecotogical F | ) in . DRI pip 'i}[ BIER-1 N |
L e i < N ) . ) y
Ceob Pactors i Hookworm ) "’7""’;’"" . Slatogrear |
I | Intection N b Facion
/ ! . L‘.-..‘--— J
DEFECATION FACTO ! \ :
RS ! -HEALTH & FOOD FACTORS
Latnae Regulanty ol Time r--- — e — -1 ‘. - . ' i
Pregominant Hatilal Number of Stools | unaccounteg | Buwid . " waignt
Nugutar Hatitat Squaltting Time ] Bonavioral i Totat SVmagomx: - dron Intane
Habitat Regulanty  Foot Area { Factors i Symplom Se15 2 Heaith Compraints
Pregominant T'me  Fogl Conarion e Total Gi SYTNO_'Y\: Age Appearance

FEG. 10, Factors considered i o e s e i | 6 sccount
. > [:(0 i :(l«)r;;onsndcrud 1 a socioepidemiological moded Proposed to uccount for the variatjo,
C intensity of hookworm infection in a atj v
: : population of rural Bengali vill
cioeco Stat s =f - . gaiy villagers (SES = so-
nomic sldlu§, B~ = factors examined in the present analysis; [ 3-+ = factors not ined i
the present analysis) (Kochar, 1975). " ol eramined n

}Jmtcd Stat'es, the Europgan immigrant controlled hookworm infection less ef-
‘ec'uvely than did the 'A{ncan (Henderson, 1957; Andrews, 19422 b). 1t 1s less
a.lear whether a cross-suscept_ibilily to infection occurs when two hu’ma.n-popuI:
tixons, both. pre'sumably originally harboring their own strains of hookworm

t:nmc t()'.rcmde in areas favorable for the propagation of larvae: in the Curibbczir;
,‘f'h Astans and Africans introduced regional strains of hookwo

failed to muster adequate host resistance. T s and both

ll. Implications for Control -
Il'(l‘x‘shprobablﬁ: that in the coevolution of host-parasite relationships, a parasite’s
)n'n, Istory parameters and pathogenic characteristics evolve so that in particul:
ccologfcal contexts host populations are.only rarely exposed to ove ph ;C“ o
parasmsm (Hoagland and Schad, 1978). Meanwhile, host bopulatio;w e"lmng
uc?e?ptzng. $0-as to limit the parasite's abundance and to resist the effeclss f“;] o
of infection expected under average ecological conditions. Human cuhu:ﬂ :J:;S
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TABLE V)

Contribution of 18 Selected Sociobehiavioral Bactors tothe fevel
of Hookworm Infection Obaerved in Bengadi Villagers,
as Determined by a Binary Multiple Regression Aaulysis

e Vatiables Redue iou i ' Rank
: iGroup fadlors (ri < 100)
4 127!
g u, LI”“'*Q’{HWP“‘" |'lli filapise 5. 5.»‘;.411 miumg- e e
. S .
EREEIRS , .
chqmn ‘ 3.6 )i
' | T Sochpecanomic status (SES) 45
L .Subtotal . 30.0
*Individuil factors .
- A 4.5 5
boOARS .
1. Oceupation 1.9
L Sex 1.2 "
i Subtotl 6
~ Defecation factors . \
T .Squatting time 6.1
Steols (number per day) 4.3 6
Foot conditions 4.3 (:
Regular hubitat 1.8 :(’)
Habitat regufarity 1.1 2
Defecation time (time of day) 0.2 16
Other variables 03 15
Subtotal AN
Health fuctors : . ‘ ,
Tural symptoms 2,/) N
0." R
. symptoms .
o 1.8 10

Iron intake ‘
Subtotal 6
Total (all variables)

6.4
62.7

and paticrns of behiav-

¢ biological mechanisms of resistanee, :
o WI“ e ; rt of the cultural

wr perceived as protecting against disease will become pa

nerations.
heritage passed on to succeeding generations.
In xbural Bengali culture we have obscrved human behavioral charactenistics

that protect against the acquisition ol heavy hookworm mleuu;n and others that
increase exposure to infection (Table V) (Kochar, 1975, 1979a). o o
The established protective characteristics that are already part of enﬁahn "
wre should be emphasized, at least initially, in any organized program o ; eu "
cducation directed against hookworms. The .mthore have dnfhau!xy reaT mlgl :
consensus regarding the degree with which Bengalis actually avoid fecal pobiv

tion once the stool per se becomes invisible (the soil at the point of pollution

—
4
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remains infective). However, we do agree that lruditiuna{l Hindys would desire in
principle, if not in practigd, o avoid such a *'defiled’’ locus. This, then, pro-
vides a point of attack for the health educator; these traditional views can be
reinforeed by stressing. the traditional basis. for, avoidance, of fecal pollution as
well as the health benefits. _

The dense accumulation of feces in fallow ficlds during the dry season (form-
ing, hegomaths of touled fand) is highly desirable for hookworm control, since
the temperatures- attained within stools exposed to direct sunlight are rapidly
lethal to hookworm eggs. In the absence of more sanitary methods for fecal

" disposal, the use 6f hegomaths should not be discouraged, Mtlyough to the health

administrator with a sophlsucaled urban onenta,;;pmﬂtq”m ; Bgpex less: than

© satisfactory. In our study area, latrine programs, desnralplc as they might seem to

the Gutsider, would be of Tittle immediate use. Some hawseholds have latrines but
people do not yse them,iand without maintenance they rapidly become repug-
nant. In Hindu societies the problem of maintenance can be particularly difficult,

because such work can only be done by members of ceptain castes; in our study

" area, suitable people were already fully occupied in:other menial but more

acceptable forms of labar and were not available for latrine maintenance. This
illustratés the unexpected and sometimes largely mcomprchcnsnble difficulties
associated with introducing new concepts and technologies in traditional social
settings, and supports the suggestion that one'should try initially at least to work
within those settings and reinforce their positive characteristics. !

Schad (1979) has suggested that until widespread eradication of helminths
such as hookworms is possible in undeveloped countries, it may be desirable to
cncouru}gc persistence of low-grade, well-tolerated infections which stimulate
acquired resistance to superinfection. If a parasite is reintroduced into an area
from which it was eradicated, local popuiations could be particularly vulnerable
to previously nonpathogenic levels of infection. Thus, disease rather than mere
infection could occur and an important new focus of clmlcal parasitism would be
established where none existed before. '

t

IV Relevance for Socloeconomic
' Development '

Hookworm infection is the second most prevalent human helminthiasis. More
than 900 million people harbor. these worms, which in common with the other
ceohelminths Ascaris lumbricoides and Trichuris trichiurg are often associated
with malnutrition and chronic ill health throughout vast areas of the tropical
world. Little precise information exists concerning the socioeconomic costs of
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pastrointestingl pagusitism and maliutrition, but there can be hittle doulst thig
i
I
i

such parasitigis ﬁ#*ﬂ! busimpogtang buidin. for ruiaf frapisal apd subtropical

populations. | S o . o

We have already indicated that major ecological changgs such as w1dcspnuqd
nrigation of arid lands. or exteasive changes in vegetative cover such as in
|>|;a;)luli()n agriculture, can greatly increase the prevalence gf hoqkworm mtcc:
ton. Thus, although milaria and schistosoiniasis have received w‘rtuully'all the
recent attention, ancylostomiasis his undoubtedly increased wod \f/(ll continue to
wicrease as more tand is brought under irrigation and cultivaton in undeveloped
vountries facking sanitary facilities. . .

Rural crowding in the absence of necded changes will also increase the preva-

fence of hookworm disease through both an increuse in lhc. density of fecal
poliution and a probable decrease of iron intake..so that light or moderate
mfections presently well tolerated will be sufficient to p‘mducc hookworm ane-
mia (Bali, 1966). Crowding and rural development wnhouF hcanllh education
ould cxacerbate any toleruble hookworm problem by 1'0xlcnng sogml changes
-hich tend either to minimize the effects of indigenous protective !uctor.ﬁ or o
naximize the effects of indigenous risk fuctors. With little understunding. of
cookworms and the factors fuvoring their tansmission, paorly cducutgd(pcuplc
vould easily abandon taboos which have provided protection agunsl mlcclmn:
scetng them only as discredited or outmudcq customs m'\d beliefs. ln.dfcd,. llm
srowing belts of unsanitated squatter hubitation surrounding most tropical CI(IL:\
are tife with infection, including hookworm. o .

The costs of hookworm infeciion to tropical and subxropi.cal soq;tnes.l which
cannot be stated precisely, urgently need careful investigation. Although good
anthelmiutios are availuble and hookworms can be casily controlied, the fuct that
900 million people harbor them indicates thut we have not controfled them ufx‘d
that sew investigations directed to new or improved methods ure urgenllx re-
yuired. The omission of hookworms from the Wm'klAlk“;allh()rg:un/ulum Ilnx‘l.nl
the six most important tropical discases hus‘scvcrcly hnnth hookworm ruuui:}
Urgeat new work must be done 10 guantity the ‘burdcn.o! uncylostor?l.h.m;; ‘.m :
then to provide cost—benefit data for the rzm'gc'ol strategics ulrchy avinla I h))l.
controtling hookworms. In truditional societies, .heleth gducalxon tcchm.qug
which use and encourage cstablished protective sociul practices and customs will
prove among the most cost ctfective.,
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