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Abstract. Anti-hookworm antibody serologic responses were measured in residents of an Anhui provincial
Chinese village where Ancylostoma duodenale is the predominant hookworm. Antibody responses were
measured against either soluble infective third-stage larval (L3) or adult antigens. Immunoglobulins of the
1gG class, especialy 1gG4 correlated with both the prevalence and intensity of A. duodenale hookworm
infections. In contrast, there was an inverse correlation with 1gM, but no correlation with IgA or IgE.
Circulating 1gG4 antibody responses might serve as a surrogate marker for active A. duodenale hookworm

infection.

INTRODUCTION

Hookworm infection is one of China's lead-
ing public health problems with an estimated 194
million cases (Hotez et al, 1997). Most of these
infections are distributed throughout the Yangtze
River Valley or in Hainan Province in the South
China Sea (Sun et al, 1998; Liu et al, 1999; Wang
et al, 1999). Anhui Province ranks highly among
the Yangtze River provinces with respect to hook-
worm endemicity (Xu et al, 1995). Based on 54,392
fecal examinations conducted between 1988-93, it
was noted that 33.4% of the population harbors
hookworm (Hotez et al, 1997). In April and May
of 1998, we reinvestigated the epidemiology of
hookworm infection among arural population living
in Zhongzhou Village. The village is located in
Nanting County, in southwestern Anhui Province
(lat.30°55'; long 118°17') close to the Yangtze river.
It was noted that Ancylostoma duodenale is by far
the predominant cause of hookworm infection in
this village. Based on the recovery of either third-
stage infective larvae (L3) or adult hookworms
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from infected resident villagers, A. duodenale
predominated over Necator americanus in ratios
of 35:1 and 21:1, respectively. The overall preva-
lence of hookworm infection in Zhongzhou was
33%, with a peak age-associated prevalence among
adults aged 41-50.

It was previously shown for human infections
with Necator americanus that levels of specific
antibodies correlate to age-related changesin infection
intensity (Pritchard et al, 1990; 1992). It was further
shown that 1gG4 responses correlated particularly
well with prevalence and intensity of Necator
infections, and may even be a useful marker for
this purpose (Palmer et al, 1996). There are no
corresponding data for human Ancylostoma infec-
tions. Therefore studies were undertaken to deter-
mine if there are similar relationships between the
prevalence and intensity of A. duodenale infections
and isotype-specific antibody responses.

MATERIALS AND METHODS

Patient sample selection and fecal examination

Fecal examinations were performed on 380
local residents of Zhongzhou. All of the residents
selected were between 6 and 65 years old. Non-
written informed consent was obtained according
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to Protocol 10453 approved by the Yale University
School of Medicine Human Investigation Commit-
tee and a similar protocol approved by the Na-
tional Institutes of Health. Identification of intes-
tinal nematode eggs (Ascaris, Trichuris, or hook-
worm) was obtained by brine floatation. Quanti-
tative hookworm egg counts were determined in
115 residents whose fecal exams were positive for
hookworm using the Kato-Katz method (Katz et
al, 1972) and expressed as eggs per gram of feces
(EPG) (Wang et al, 1999).

Sample collection

Peripheral blood samples were collected by
venipuncture from 380 residents of Zhongzhou.
The sera were separated and stored at -20°C. Blood
was also obtained by venipuncture from 29 hook-
worm uninfected residents of Shanghai who were
entering the first year class at Shanghai Second
Medical University. The sera were pooled and
served as a negative reference sample.

Antigen preparation

Two different hookworms were used to pre-
pare sources of soluble antigen. Third stage infec-
tive larvae (L3) of the canine hookworm Ancylos-
toma caninum were obtained from the feces of
infected dogs by the filter paper method (Xiao et
al, 1998). Adult hookworms of Necator americanus
were obtained from the intestines of infected golden
hamsters (Ren et al, 1994). Soluble antigen was
prepared as described previously (Xue et al, 1992).
Briefly the worms were rinsed extensively with
water, and then ground with normal saline in a
pestle prior to further disruption by sonication. The
homogenate was centrifuged at 10,000g for 20
minutes and the supernatant collected. The soluble
antigen was stored at -70°C.

Enzyme linked immunosorbent assay (ELISA)

The optimal concentrations of antigen, anti-
body and enzyme-conjugated antibody were deter-
mined using chequerboard titrations. All assays
were carried out at a single serum dilution, with
the optimal dilution selected for testing being that
for which there was good discrimination between
positive and negative samples (Palmer et al, 1996).
The indirect ELISA assay was used to measure
parasite-specific antibody responses. Linbro/Titertek
EIA plates (Flow Laboratories) were cotaed with
either A. caninum L3 or N. americanus adult parasite
extracts (0.6 ug/well) in 0.05M carbonate buffer
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pH 9.6 overnight at 4°C. Due to potential com-
petition between IgG and IgE for binding sites,
high binding Nunc Immuno plates and higher antigen
coating concentrations were used for IgE and IgA
detection (0.75 ug/well). In order to detect an 1gG2
response, it was necessary to treat the plates with
100 ug/ml poly-L-lysine prior to antigen coating.
All plates were blocked for 1 hour with 5% non-
fat milk in phosphate buffered saline (pH 7.4). The
plates were rinsed with PBS/0.05% Tween 20, and
incubated for 2 hours with test sera diluted in PBS/
0.05% Tween 20 at 1:800 for 1gG, 1:400 for IgM,
1:200 for IgA and IgG subclasses, and 1:50 for
IgE. Replicate pooled positive (from 32 Zhongzhou
Village residents infected with A. duodenale) and
negative sera (either pooled sera from 29 physi-
cally normal students from Shanghai Medical
University, or pooled sera from 38 Zhongzhou
Village residents who were A. duodenale-negative
as determined by fecal examination) were included
on each plate. These controls were incorporated to
confirm the specificity of the reagents. After extensive
washing with PBS/0.05% Tween 20, peroxidase-
conjugated anti-human 1gG (1:2,000 and IgM (Dako
Ltd, High Wycombe, England) at dilutions of 1:2,000
and 1:1,000, respectively, and then incubated 3
hours at room temperature. Unlabelled polyclonal
anti-human IgE (Biognostic Ltd) at a dilution of
1:1,000, and monoclonal 1gG subclass antibodies
(Biognostic Ltd) at dilutions of 1:1,000 for 1gG1
and 1gG4, and 1:500 for 1gG2 and 1gG3 were
incubated for 2 hours followed by an overnight
incubation with peroxidase-labelled anti-rabbit or
anti-mouse antibodies (Dako) or IgE and 1gG sublcass
assays respectively. All plates were washed as
before and developed with O-phenylenediamine
(OPD)/H,0, substrate for 20 minutes, after which
color development was stopped by the addition of
25 ul 2M H,SO, to each well. Optical densities
were measured photometrically at 492 nm.

RESULTS

Comparison of serologic responsesin hookworm
infected residents compared with uninfected
individuals

Of the 380 residents of Zhongzhou Village
who underweant fecal examination for this study
there were 115 who were positive for A. duodenale
infection and 265 that were negative. The para-
sitologic findings from Zhongzhou were reported
previously from Wang et al (1999). Fig 1 shows
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Fig 1-Theantibody response(lg classand subclass) in the different groups

people.
Patient: worm or egg possitive cases).
N1: Seraof egg and worm negative control for Zhongzhou.
N2: Sera of normal control from Shanghai.

the mean ELISA OD values obtained using sera
from either 115 hookworm-infected residents of
Zhongzhou Village, 265 residents of Zhongzhou
who were determined to be negative for hookworm
infection by fecal examination, or 29 normal control
serafrom medical students attending Shanghai Second
Medical University. The Shanghai medica stu-
dents have no known history of exposure to
hookworm. The hookworm-infected Zhongzhou
residents exhibited greater 1gG and 1gG subclass
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infections in Zhongzhou. The 1gG4 re-
sponses in particular exhibited a strong

correlation with increasing age (r = 0.91
using L3 as antigen, and r = 0.96 using
adult hookworms as antigen). The 1gG4
responses most closely mirror the preva-
lence. In contrast the IgM and IgE anti-
N2 body responses exhibit a distinctly differ-
ent age-dependent pattern. The IgM re-
sponses were at their highest among children
aged 6-20 years and then subsequently
declined. A similar (but less pronounced
pattern) was also seen with IgE responses.
IgA antibody responses remained constant
for al age groups.

Age dependent intensity and antibody responses

The intensity of A. duodenale hookworm
infections was also the highest among adults over
the age of 30 with a peak in adults aged 31-40.
However, the overall intensity of ancylostomiasis
in this region was low and comprised of predomi-
nantly light infections. As shown in Fig 3 the
patterns between antibody responses and intensity
were similar to the relationship between antibody
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Fig 2-The responses of antibody (Ig class and subclass) versus preva-

lence.

planation for this finding? The IgM
antibody responses were highest in children
and adolescents who had the lowest
prevalence of hookworm infection. Among

responses and prevalence.
DISCUSSION

Our ELISA studies indicate that Chinese
residents who live in a village with endemic
ancylostomiasis will acquire circulating 1gG anti-
body responses to the parasite. A. duodenale is
amost the exclusive hookworm of this village
(Wang et al, 1999). Although A. duodenale is the
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the explanation for this finding is that IgM rep-
resents an early antibody response to initial hook-
worm exposure. Alternatively, IgM has been noted
to be a predominant antibody in rodents immu-
nized with live nematode L3, including Ancylos-
toma (Ghosh and Hotez, 1999) and Strongyloides
(Abraham et al, 1995; Brigandi et al, 1996). It has
been further suggested that IgM antibody responses
correlate with diminished worm burdens, and have
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Fig 3-The responses of antibody (Ig class and subclass) ver-
sus EPG.

a protective role in these systems (Abraham et al,
1995; Brigandi et al, 1996). Possibly the elevated
IgM responses in the largely uninfected children
and adolescents of Zhongzhou reflect this finding.
Similarly, Pritchard and his colleagues (1990, 1992)
have noted the protective role of circulating anti-
hookworm IgE antibody responses. The studies
reported here examine the circulating antibodies to
whole worm larval and adult hookworm antigens.
Further studies are in progress to examine immune

740

Katz N, ChavesAA, Pellegrina J. A simple device
for quantitative stool thick-smear technique

in schistosomiasis mansoni. Rev Inst Med Trop Sau
Paulo 1972; 14: 397-400.

Liu CG, Zhang XR, Qiu DC, et al. Epidemiology of human
hookworm infections among adult rural villagers in
Heijiang and Santai Counties, Sichuan Province,
China. Acta Tropica 1999; 73: 243-9.

Liu 'S, Ghosh K, Zhan B, et al. Hookworm burden reductions
in BALB/c mice vaccinated with recombinant Ancy-
lostoma secreted proteins (ASPs) from Ancylostoma

Vol 31 No. 4 December 2000



ANCYLOSTOMIASIS SEROLOGY IN ANHUI, CHINA

duodenale, Ancylostoma caninum and Necator
americanus. Vaccine 2000; 18: 1086-102.

Ottesen EA, et al. Prominence of 1gG4 in the 1gG responses
to human filariases. J Immunol 1985; 134: 2702-12.

Palmer DR, Bradley M, Bundy DA. IgG4 responses to an-
tigens of adult Necator americanus: potential for use
inlarge-scale epidemiological studies. Bull WHO 1996;
74: 381-6.

Pritchard DI, Quinnell RJ, Slater AFG, et al. Epidemiology
and immunology of Necator americanus infectionsin
acommunity in Papua New Guinea: humoral responses
to excretory-secretory and cuticular collagen antigens.
Parasitology 1990; 100: 317-26.

Pritchard DI, Walsh EA, Quinnell RJ, et al. Isotypic varia-
tion in antibody: responses in a community in Papua
New Guineato larval and adult antigens during in-
fection, and following reinfection, with the hookworm
Necator americanus. Parasite [mmunol 1992; 14: 617-
31.

Ren HN, Qiang HQ, Jin Q, et al. Effect of albendazole on
the larvae and eggs of Necator americanusin golden
hamster. Chin J Parasitol Parasit Dis 1994; 12: 200-

Vol 31 No. 4 December 2000

4.

Sun FH, Wu ZX, Qian Y X, et al. Epidemiology of human
intestinal nematode infections in Wujiang and Pizhou
Counties, Jiangsu Province, China. Southeast Asian J
Trop Public Health 1998; 29: 605-10.

Xiao SH, Ren HN, Yang Y Q, et al. Protective immunity in
mice eliceted by living infective third-stage hookworm
larvae (Shanghai strain of Ancylostoma caninum).
Chin Med J 1998; 111: 43-8.

Xu LQ, Yu SH, Jiang ZX, et al. Soil transmitted helmin-
thiases: nationwide survey in China. Bull WHO 1995;
73: 507-13.

Xue HC, He YX, Zhu CW, et al. Studies on the strain dif-
ferences of Schistosoma japonicum in the mainland of
China (X): comparison of SDS-PAGE protein patterns.
Chin J Parasitol Parasit Dis 1992; 10: 201-3.

Wang Y, Shen GJ, Wu WT, et al. Epidemiology of human
ancylostomiasis among rural villagers in Nanlin
County (Zhongzhou Village), Anhui Province, China:
|. Age-associated prevalence, intensity and hookworm
species identification. Southeast Asian J Trop Public
Health 1999; 30: 692-7.

Zhan B, Hawdon JM, Shan Q, et al. Ancylostoma secreted
protein-1 (ASP-1) homologues from human hook-
worms. Mol Biochem Parasitol 1999; 98: 143-9.

741



