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Epidemiology of Hookworm Infection in Itagua, Paraguay: a
Cross Sectional Study
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A cross-sectional study in ltagua, Paraguay tested 192 people for the presence, intensity and specie:
of hookworm infection. Fifty-nine percent of these individuals were found to be infected. Intensity of
infection was determined on 92% of infected individuals by quantitative egg counts. The high intensity
hookworm infections, which cause the greatest morbidity, were clustered between the ages of five and 1
years. No differences were seen between genders. The species of hookworm was determined for par:
sites reared from 72% of infected individuals. Bd#tator americanusnd Ancylostoma duodenale
were identified, although the former species predominated. We conclude that hookworm infection con-
tinues to be a public health problem in Paraguay, particularly among children and adolescents who
suffer from high intensity infection#. duodenalecontinues to persist in the Western Hemisphere and
has not been completely displaced\byamericanus
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Human hookworm infection is a world wide  Hookworm was first identified as an important
public health threat affecting up to one billionpathogen in Paraguay in the 1920’s when Soper
people in the underdeveloped nations of the trogletected an overall prevalence of 98%. Of interest
ics and sub-tropics (Gilles 1985). Adult hook-was the finding thad. duodenalevas the predomi-
worms cause chronic blood loss by rupturing theating species among isolated indigenous groups
mucosal lining of the intestine. Heavily infectedwest of the Paraguay River, wherdasamericanus
individuals suffer a large blood loss that leads tpredominated on the east. Soper speculated that
chronic hookworm anemia. In children, hookwormA. duodenalavas the indigenous hookworm, but
anemia leads to profound alterations in intellecwas gradually displaced . americanusvhen it
tual, cognitive, and physical growth. Hookwormwas introduced east of the Paraguay River by Bra-
infection continues to be a problem in Soutlzilian troops during the War of the Triple Alliance
America. In 1987, 72 million people were esti-(1865-1870) (Soper 1927). Hookworm continues
mated to be infected with hookworm (Apt 1987)to be present in areas of Brazil. Recently a study
Most infections in Latin America were associatedn corrego do Bernardo in Minas Gerais, Brazil
with the speciedlecator americanu§'’American  found hookworm prevalence to be 57% (Webster
killer”), while Ancylostoma duodenalafections et al. 1997). Interestingl. duodenaléas also
were considered rare. been found in Brazil. In a study of Grande S&o
Paulo, Brazil, 40% of those found to be infected
harboredA. duodenalgCorrea et al. 1979).

Presence oA. duodenalés significant because
it differs in modes of infection and virulence. Al-
though bothN. americanugandA. duodenalare
transmitted through skin penetratiédn,duodenale
Supported by the Wilbur G. Downs International Traveliffers fromN. americanusn that it is also trans-
Fe”OWShip and the Yale UniVerSity Medical SChOOlmitted through the oral route and is hypothesized
+Rgsearch Fg.”d' thor. Fax: +734.764.3192. E.mailC. IMfect through maternal breast milk. In addi-
Wilg{;ﬁ;ﬁ’é”un':;gha;duor' ax. : ma'l.non,_ A. duodenaleauses a greater blood loss mak-

' ing it more virulent (Hotez 1989). This study ex-
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ing species of hookworm infection among the *
people living in Itagua, a semi rural region 30 knr
from Asuncion. 20

MATERIALS AND METHODS

Fieldwork was conducted in Itagua, Paraguaz
from July to late August, 1996. Itagua lies on thi 101
coordinates S ¥04' and W 2609', approximately

ency
-
&

30 km from Asuncion. The population of Iltagua s

is approximately 38,000 people, of which 60% ar

classified as rural. The population density is be o

tween 200 to 399 habitants/knAdult males gen- 0-4 59 10019 20-29 3039 240
erally work in Asuncion while women often work Age group

W Male OFemale

selling meat from local slaughterhouses. The ma'lffg. 1: age and sex distribution of the study population in ltagua,

spoken language of the area is Guarani, an indigaraguay.
enous language, although Spanish is generally un-
derstood.

Two isolated areas of Itagua, separated by ap-

proximately 3.5 km, were chosen. All families IIV'difference was not statistically significant (p-value:

ing in the two selected areas were asked to partiqy"s; g “a g6 snecific prevalence ranged from 43%
pate. A 120 ml volume plastic container was pro;. '

vided for each member of the family, with instruc-(>40 age group) to 79% (19-29 age group). The

. , . ... difference between the lowest and highest age spe-
tions to fill at least one-half of the container Wltt‘%ﬁc prevalence was significant at a p<0.05 level

feces. Each container was assigned a number, cdg -2 ~p Square=7.08, p-value: 0.008). Hook-

responding to the individual's name, age, sex angl, " evalence increased with age, peaking in

residence. Informed consent was obtained from | 1 g'5g age group (Fig. 2)

e ater o e e . i 1o OIS et eqgcoutsorepromed on 10
y bf the 112 infected individuals (92% of the infected

fecal samples. All infected individuals were of- . . . .
fered specific anthelmithic chemotherapy with ei_populatlon). Intensity of infection ranged from 0

ther mebendazole or albendazole as per the pr&.o:200 EPG. Worm burden was over-dispersed
erence of local physicians (HIC # 8785p) P'&ithin the infected population (Fig. 3). Sixty per-
pny - cent of the infected population had less than 1,000
Fecal samples were collected the foIIowmg af; PG, and only 9% of the population had more than
et N e oo 231, 5 000 EPC. Eighty-aght percentof g iensy
were processed for identification of parasites usl‘_fectlons (>3,000 EPG) occurred between the ages

ing direct observation of fecal smears after co 0f 5 and 14 (Fig. 4). A five-year-old boy had the

centration. Negative samples were re—examineégheSt quantitative egg count in the study (8,200

X ) . -EPG). Intensity of hookworm infection did not
by _flotatlon with saturated NacCl so]utlon. Quantl-Oliffer by sex. Egg counts were performed on 49
tative egg counts were determined using th

McMaster method. In order to identify hookwormgnd 54 males and females, respectively. The mean

species, third stage larvae were isolated by thhookworm intensity for males was 1,139 EPG,

method of Harada and Mori (1951) and then ex\ﬁh"e that of females was 1,089 EPG.

amined by light microscopy.
RESULTS

A total of 192 people from 35 families was in- 100
cluded in the study. The compliance rate of indig o >
viduals asked to participate in the study was 88% ¢ | 45 12
The ages of the study population ranged from
months to 81 years, with a mean and median a3
of 18 years and 10 years respectively. Theageax 20
sex distribution of the study population is showr 04
in Fig. 1. 0-4 5-9  10-19 20-29 30-39  >40

The overall hookworm prevalence was 59% Age group
T,he hookworm prevalence of males (64%) Walsig. 2: age specific prevalence of hookworm infection. Num-
higher than that of females (54%), although thgers above bars are the total number of people in the category.

alenc
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studied everyone in two isolated areas of Itagua.
Due to the high level of participation within the
two areas, it is not believed that selection bias af-
fected the results of this study. This study found
that hookworm prevalence was related to age of
host, but not to gender. Hookworm prevalence
increased with age, reached a maximum of 79% in
the 20-29 age group, then decreased.

The severity of hookworm pathology is directly
related to the number of worms harbored by an
individual. We found that intensity of hookworm
infection exhibited an over-dispersed distribution.
Although a majority of the population was infected,

Fig. 3: distribution of hookworm burden, measured as eggs p@nly 9% harbored infections greater than 3,000

gram among people in ltagua, Paraguay.
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EPG, putting them at greatest risk for hookworm-
related anemia. Similar patterns have been reported
in other hookworm endemic areas such as Papua
New Guinea (Pritchard et al. 1990), West Bengal
(Nawalinski et al. 1978), and Zimbabwe (Bradley
et al. 1993). Intensity of infection was determined
using quantitative fecal egg counts, a commonly

40001 L 2N . . .
w000 . used indirect measure of worm burden. A weak-
ool el e ¢ ness of this method is that very heavy infections
ool £ Qe ae, R can display a partial density dependent depression
Lt gietle, o et e of fecundity: that is, egg output per individual

Age

Fig. 4: relationship between age and intensity of infection.
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worm declines as parasite burden rises (Anderson
& Schad 1985). However, a recent study of
Zanzabari schoolchildren found that hookworm
egg counts do reflect worm burden, and indeed,
were strongly and linearly related to anemia and

Morphological identification of the third stageiron deficiency anemia (Stolzfus et al. 1997).
larva was used to determine the species of hook- Different age distributions of heavy infections

worm-infection. Species of hookworm were idenhave been reported from various study sites. Most
tified in 81 of the 112 hookworm-infected indi- commonly, hookworm intensity either plateaus or
viduals (72% of infected population). Of thosecontinues to rise through adulthood (Behnke 1987,
infected with hookworm 73% were infected withBundy 1989). Our study found a different pattern
N. americanus15% withA. duodenaleand 12% of worm burden. Intensity of infection increased
with bothA. duodenal@ndN. americanugmixed  with age through adolescents then declined in adult-
infection). Eleven out of the 1& duodenalén-  hood, with highest intensity infections occurring
fections occurred in children less than 15 years @fetween the ages of 5 and 14. Age-intensity rela-
age. Infections withAscaris lumbricoidesand tionships similar to that found in our study were
Hymenolepis nanavere also observed, occurringreported in Nigeria, where hookworm intensity
in 8% and 7% of the population respectively.  peaked in the 15-19 age group then declined rap-
DISCUSSION idly (Udonski 1980), and in females of West Ben-
o . al, India (Schad et al. 1975). Such an age-inten-
Anthelminthic chemotherapy, education andsjty nattern is more commonly seen in other nema-
aggressive sanitation, including the constructiogyde infections such agichuris trichura andA.
of latrines, resulted in the reduction of hOOKWOVr']umbricoides(Bundy etal. 1987), butis rare in the
prevalence from 98% in 1924 to 47% four yeargase of hookworm. Differences in the age-inten-
later. Yet these measures have failed to eradic@ﬁy patterns of hookworm may be due to differ-
hookworm from Paraguay. This study found gnces in the relative abundanceNofamericanus
prevalence rate of 59% in the communitiegnga. duodenalgperhaps because of differences

sampled. Accordingly, a study of over 10,000 inin transmission dynamics of mixed infections
dividuals conducted between the years 1963 ®ehnke 1987).

1975 in nine different areas of Paraguay, found an gy study found continued presence Af

overall prevalence rate of 59% (Canese 1992). Thg odenalein Paraguay which is contrary to the
study population was not a random sample, rathggjief thatA. duodenaléds an “old world hook-
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worm”. It is interesting to note that duodenale trichura infection in the same communifitans R
occurred predominantly in children less than 15 Soc Trop Med Hy§1: 987-993. _

years of age, especially when considering its addanese JH 1992. Estado actual de los estudios sobre la
tional modes of transmission and greater blood loss. Uncinariasis en el Paraguann Fac Cienc Med
High rates ofAncylostoman Paraguay were first . Univ Nac Asuncios: 117-162.

noted in the 1920s, concentrated west of the Par%(-)rrea LL, Silva MI, Silva RM, Dias RM 19793ncy-

. ’ . . lostoma duodenale Necator americanudiagnés-
guay River (the Chaco). This area was considered ticq giterencial das larvas infestantes e prevaléncia
unusual for its high ratio oA. duodenalee-N. em amostras fecais provenientes da Grande S&o
americanusinfection (Soper 1927). Our study  Paulo. Rev Inst Adolfo Lut39: 145-153.
found that 27% of hookworme-infected individualsGilles HM 1985. Selective primary health care: strate-
were infected withA. duodenale(15% A. gies for control of disease in the developing world.
duodenalelone and 12% mixed infection). These  XVII. Hookworm infection and anemigRev Infec
results may under-represent of mixed infections, Dis7: 111-118. _ _
as in some cases only a few larvae were recoverggrada Y, Mori O 1951. A simple method for the culti-
from patients with very low egg counts. vation of hookworm larvadgaku to seibutsugaku

Hookworm infection continues to be highl 20. 65-67. : N .
Y Hqtez PJ 1989. Hookworm disease in childieediatr

prevalent in Paraguay. Further studies are needed | toc Dis J8: 516-520.

to determine why children and adolescents suff@awalinski T, Schad GA, Chowdhury AB 1978. Popu-
high intensity infections relative to other popula-  |ation biology of hookworms in children in rural West
tions in this region. It remains to be determined Bengal: general parasitological observatiodsn J
why A. duodenalénfections persist in this region Trop Med Hy@27: 1152-1161.

and has not been entirely displaced Wy Pritchard DI, Quinnell RJ, Slater AFG, McKean PG, Dale

americanus DDS, Raiko A, Keymer AE 1990. Epidemiology and
immunology ofNecator americanug a commu-
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