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INTRODUCTION

Hookworms are nematode parasites infecting humans and 
animals through contact with the 3rd stage larvae via cutane-
ous route or ingestion of vegetables contaminated with the 
larvae [1]. In humans, hookworm infections are one of the 
most important neglected tropical diseases affecting 576-740 
million people globally and causing physical and intellectual 
growth retardation and iron deficiency anemia [1,2]. Like oth-
er soil-transmitted helminthiases (STHs), hookworm infec-
tions are typically assessed by disability-adjusted life years 
(DALY) since they cause more disability than death [1]. Ac-

cording to the DALY estimated by WHO, the disease burden 
from hookworm infections exceeds important tropical diseas-
es such as African trypanosomiasis, Chagas disease, leprosy, 
dengue fever, and schistosomiasis [3]. In addition, hookworms 
more affect vulnerable and marginalized people than those 
who are not, and aggravate socio-economic inequality [4].

Based on the situation in 2010, Southeast Asia was reported 
to be the region with the 3rd highest hookworm prevalence 
followed by South Asia and sub-Saharan Africa; 77 million in-
fected cases (12.6%) were estimated to be present in Southeast 
Asia [5]. In Cambodia, 9.6-57.4% of people residing in rural 
areas were reported to be infected with hookworms [6-8]. In 
particular, in Rovieng District, Preah Vihear Province, 124 
(57.4%) of 218 people examined were positive for hookworm 
eggs [6]. These eggs were moleculary confirmed to be Necator 

americanus (51.6%; 64/124) and Ancylostoma ceylanicum 
(51.6%; 64/124) equally, and a few cases (8 cases) were mixed 
infected with these 2 hookworm species and/or with Ancylosto-
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ma duodenale [6]. However, after this report, little is known 
about the prevalence, species composition, and infection dy-
namics of hookworms in Cambodia.

The objective of the present study was to determine and up-
date the infection status of hookworms in humans living in 
northern parts of Cambodia. We obtained 65 adult hook-
worms expelled from infected people after chemotherapy and 
purging, and the worms were analyzed morphologically and 
molecularly to confirm the species of each hookworm.

MATERIALS AND METHODS

Study design and participants
Institute of Parasitic Diseases, Korea Association of Health 

Promotion (KAHP), Seoul, Korea, in cooperation with the Na-
tional Center for Parasitology, Entomology and Malaria Con-
trol (CNM), Phnom Penh, Cambodia, surveyed intestinal par-
asitic infections in 2 northern provinces (5 villages each) of 
Cambodia, Preah Vihear and Stung Treng, in May 2018. Each 
participant was asked to submit a stool sample. Those with 
high intensity of hookworm infections in a village of Preah Vi-
hear Province were recruited for a further procedure, including 
anthelmintic treatment and purging. The fecal examination 
was conducted by members of the Institute of Parasitic Diseas-
es, KAHP, in cooperation with personnel of the Parasitology 
Section, CNM. The morphological and molecular studies were 
performed at the Institute of Parasitic Diseases, KAHP.

Ethical issues
The procedures of the present study were approved by the 

National Ethics Committee for Health Research, Ministry of 
Health, Cambodia (IRB no. NECHR 099, dated 27 April, 2018). 
Written informed consent was obtained from each participant. 
For children under 18 years of age, the informed consent was 
obtained from the children’s parents, legal guardian, or appro-
priate literate substitute. All relevant authorities were informed 
of the study purpose and procedures.

Fecal examinations, chemotherapy, and purging
A total of 1,156 fecal samples collected from village people 

residing in 2 northern provinces were transported to CNM. 
The fecal specimens were examined by the Kato-Katz thick 
smear technique using light microscopes (Olympus CX23, 
Olympus Life-Science, Tokyo, Japan). The positive rate of hel-
minth eggs and eggs per gram (EPG) of feces for each hel-

minth were recorded. The Kampong Sangkae village (Chhaeb 
District) located in a northeastern area of Preah Vihear Prov-
ince, bordered with Lao PDR, showed a high prevalence of 
hookworms and was selected as the target village for chemo-
therapy and adult hookworm recovery. Nine patients were re-
cruited and treated with 5 mg/kg pyrantel pamoate followed 
by purging with magnesium salts. The worms discharged in  
diarrheic stools were collected, washed in water, and stored in 
70-80% ethanol until morphological and molecular analyses.

Morphological study of adult hookworms
The adult hookworm specimens were cleared in lactophe-

nol for 30 min at room temperature and mounted on glass 
slides with glycerine jelly. The slides were then morphological-
ly examined with an optical microscope (Leica D2500, Leica 
Microsystems, Wetzlar, Germany) to confirm the characteristic 
structures, including the buccal cavity of males and females, 
and bursa and dorsal rays on the costa in male worms. 

Molecular analysis on adult hookworms
The parasite DNA was extracted from the middle part of the 

worms using the DNeasy Blood & Tissue kit (QIAGEN, Hilden, 
Germany) following the manufacturer’s instructions. DNA was 
eluted in a final volume of 50 µl. The protocol for convention-
al PCR followed the one described by Zhan et al. [9]. PCR am-
plification was performed in a 20 µl 2X MasterMix (Mgmed, 
Seoul, Korea). Sequencing of the PCR product was performed 
in a gene analysis company (Macrogen Inc., Seoul, Korea) us-
ing the Sanger sequencing method. A phylogenetic tree of mi-
tochondrial cytochrome c oxidase subunit 1 (cox1) gene was 
constructed from the representative selection of sequences 
available in GenBank using the maximum-likelihood method 
employing Tamura-nei model of nucleotide substitution with 
1,000 bootstrap replications.

RESULTS

Of the 1,156 fecal samples examined, 134 (11.6%) were 
positive for hookworm eggs, including 43 (12.0%) of 359 
samples from Preah Vihear and 91 (11.4%) of 797 samples 
from Stung Treng Province (Table 1). The Kampong Sangkae 
village, Preah Vihear Province showed 20 (22.5%) egg positive 
villagers among 89 examined, and 9 of them were selected for 
adult worm recovery. A total of 65 adult hookworms, includ-
ing 59 N. americanus and 6 A. ceylanicum, were collected from 
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the 9 enrolled patients after anthelmintic treatment and purg-
ing. 

Morphological characteristics of adult hookworms, N. amer-
icanus and A. ceylanicum, are shown in Fig. 1A-D. N. americanus 
has a relatively narrow buccal cavity provided with a ventral 
and a dorsal pair of semilunar cutting plates (vp, dp), which is 
a distinguishing feature of different hookworm species (Fig. 
1A) [10]. It also has a subdorsal pair of tooth (dt) in the depth 
of the buccal cavity (Fig. 1A). At the posterior end of N. ameri-

canus (adult male), the bursa has ventral, dorsal (dr), and lat-
eral rays, and the end of the dorsal rays are typically divaricated 
(Fig. 1B). On the other hand, in A. ceylanicum, a pair of large 

tooth (t) upside and another pair of smaller tooth below are 
symmetrically seen near the anterior end of the the buccal cav-
ity (Fig. 1C), as described by Looss in 1911 [10]. The oral aper-
ture (oa) is bigger and round-shaped (Fig. 1C) in comparison 
with Ancylostoma braziliense, which tends to be smaller and 
longer in the longitudinal plane. Near the posterior end of A. 
ceylanicum (adult male), the structure named as the copulatory 
bursa has the ventral, dorsal (dr), and lateral rays. Among 
these, the end of the dorsal rays are characteristically trifurcated 
(Fig. 1D). 

Direct sequencing of adult hookworms supported the mor-
phological diagnosis of each hookworm and revealed the spe-
cies combination of hookworms among the infected people. 
The representative sequences obtained in this study were de-
posited in GenBank under accession nos. MT074036-MT074043. 
Out of 65 adult hookworms, 90.7% (59/65) appeared to be N. 

americanus and 9.3% (6/65) were A. ceylanicum. The other spe-
cies of human-infecting hookworms, including A. duodenale, 
were not detected. Eight of our 9 patients harbored only N. 

americanus (1-24 worms), and 1 was infected only with A. ceyl-
anicum (2 worms) (Table 2). Three patients were infected with 
both N. americanus (1-14 worms) and A. ceylanicum (1-2 worms) 
(Table 2).

The phylogenetic tree distinctly separated the hookworm 
specimens into 5 clusters of 2 species, N. americanus (groups 
A-C) and A. ceylanicum (group D-E) (Fig. 2). The N. americanus 
isolates in this study (n=59) were strongly associated with N. 
americanus isolates from Brazil (group A) and China (groups 
B-C). The group A consisted of 49 worms (GenBank accession 
no. MT074038), group B 1 worm (no. MT074037), and group 
C 9 worms (no. MT074036). 

Table 1. The egg positive rate of hookworms among local people 
in 2 northern provinces of Cambodia

Province Village
No. of people 

examined
No. infected 

(%)

Preah Vihear Kampong Pou 52 2 (3.8)
Kampong Chey 42 10 (23.8)
Kampong Sangkaea 89 20 (22.5)
Kampong Sralau 74 8 (10.8)
Kampong Sami 50 3 (6.0)
Subtotal 359 43 (12.0)

Stung Treng O’ Chay 125 20 (16.0)
Kanhchanh Tuek 114 5 (4.4)
Ti Team 93 18 (19.4)
Srae Russei 204 25 (12.3)
Peam Khes 261 23 (8.8)
Subtotal 797 91 (11.4)

Total 1,156 134 (11.6)

This table has been modified from Chang et al. [25] who reported 2 
cases of Taenia saginata infection in Preah Vihear Province, Cambodia.	
aThe village (Chhaeb district) where residents were recruited for treat-
ment with pyrantel pamoate and purging for recovery of adult hook-
worms.

Fig. 1. Morphological characteristics of Necator americanus (A, C), and Ancylostoma ceylanicum (B, D). The anterior end of N. america-
nus (A) and A. ceylanicum (C) showing the buccal capsule with cutting plate or teeth. Scale bar=0.03 mm. Enlarged views of dorsal 
rays on the copulatory bursa of N. americanus (B) and A. ceylanicum (D). Scale bar=0.05 mm. Tooth (t), oral aperture (oa), dorsal tooth 
(dt), ventral cutting plate (vp), dorsal cutting plate (dp), dorsay ray (dr). 

A B C D
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Regarding A. ceylanicum, the isolate group D (no. MT074042) 
obtained from 2 patients (n=5) were closely associated with 
the isolate from Solomon Islands (AP017674) but distinct 
from Ancylostoma caninum (EU007444), Ancylostoma tubaeforme 
(KY070315), and A. duodenale (AP017676) isolates. Another 
isolate group E (no. MT074043) from 1 patient (n=1) was 
morphologically diagnosed as A. ceylanicum but molecularly a 
little distant (97.3% identity) from the isolate group D (no. 

MT074042) and the A. ceylanicum isolate from Solomon Islands 
(AP017674). However, it was more distant from A. caninum 
(EU007444; 89.5%), A. tubaeforme (KY070315; 89.9%), and A. 
duodenale (AP017676; 89.4%). Thus, we regarded this as an A. 
ceylanicum isolate.

DISCUSSION 

The present study revealed a high prevalence of hookworm 
infections among people in Preah Vihear and Stung Treng 
Province of Cambodia bordered with Lao PDR. The species of 
hookworms were confirmed to be N. americanus in their ma-
jority and A. ceylanicum (a zoonotic hookworm of dogs and 
cats) in a little proportion through morphological and molec-
ular analyses of adult worms expelled from each patient. To 
our best knowledge, this study is the first which analyzed the 
species of hookworms morphologically and molecularly using 
adult specimens recovered from humans. 

N. americanus was found to be the dominant hookworm 
species in our study, followed by A. ceylanicum, similar to other 
molecular studies conducted in Southeast Asian countries [11-
14]. Traub et al. [11] reported that 5 out of 7 humans in Bang-

Fig. 2. A phylogenetic tree of hookworm species drawn with cox1 DNA sequences using the maximum-likelihood method employing 
Tamura-nei model of nucleotide substitution with 1,000 bootstrap replications. Black dots (●) indicate the sequences identified in this 
study. Echinostoma revolutum was used as an outgroup.

Table 2. Collection of hookworms among 9 people in Kampong 
Sangkae village, Preah Vihear Province, Cambodia

Case no. Age&sex

No. of hookworms collected

Necator 
americanus

Ancylostoma 
ceylanicum

1 27 F 9 0
2 40 M 1 0
3 27 M 2 0
4 26 M 14 1
5 23 F 1 0
6 38 F 24 0
7 24 M 7 2
8 36 F 1 1
9 21 M 0 2
Total - 59 6
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kok, Thailand were infected with N. americanus and 2 were 
with A. ceylanicum analyzed by sequencing of internal tran-
scribed spacer (ITS) region (ITS1-5.8S rDNA-ITS2) using eggs 
in feces. Similar results were reported in Chachoengsao Prov-
ince, east of Bangkok [12], northern provinces of Lao PDR 
[13], and West Malaysia [14]. 

Our results were contrasting to the findings of a previous 
study by Inpankaew et al. [6] conducted in a different district 
of the same province in Cambodia, i.e., Rovieng District. In 
their study, the eggs of hookworms in human feces were mo-
leculary analyzed, and infections with N. americanus and A. 
ceylanicum were confirmed equally in high numbers, 64 (51. 
6%) of 124 cases for each species [6]. In our study, the hook-
worms were predominantly N. americanus, and only a few (6 
worms) were A. ceylanicum. Inpankaew et al. [6] hypothesized 
that preventive chemotherapy targeting humans in the absence 
of concurrent hygiene and animal health programs on dogs 
and cats may be a factor leading to the emergence of A. ceylani-

cum infection in humans in Rovieng District. Based on our 
study, another possible hypothesis was that the population of 
dogs and cats infected with A. ceylanicum might be higher in 
Rovieng District than in Chhaeb District (present study), al-
though this needs verification. 

Human A. ceylanicum infection was considered accidental 
and looked upon as a negligible item; but it is currently ac-
knowledged as an important reemerging parasitic zoonosis 
distributed almost all geographical areas affecting a substantial 
number of human population [15]. One of the issues includes 
the susceptibility of humans to A. ceylanicum infection. When 
Lane [16] first discovered A. ceylanicum infection in humans 
(14 of 150 prisoners) in India, each individual harboured only 
1-2 worms comprising less than 0.1% of total hookworm bur-
den which was comprised mainly of N. americanus and A. duo-
denale. Chowdhury and Schad [17] also recovered 1-2 A. ceyl-

anicum together with 3-55 A. duodenale and 19-161 N. america-

nus adult worms from 16 volunteers in India treated with be-
phenium hydroxynaphthoate in combination with tetrachlor-
ethylene or thiabendazole. In our study, the burden of A. ceyl-
anicum was also low, only 1-2 worms per infected person. 
However, it is referable that Velasquez and Cabrera [18] found 
a Filippino woman infected with 23 A. ceylanicum adult males 
(n=11) and females (n=12) after treatment with atabrine. The 
eggs of A. ceylanicum were present in human feces in sufficient 
quantities to be detected by conventional PCR targeting the 
rDNA gene [6,14]. Based on these reports, we could infer that 

A. ceylanicum can fully grow and sexually mature in the hu-
man intestine. 

The prevalence of hookworm infection (11.6%) in the pres-
ent study (Chhaeb District, Preah Vihear Province) was lower 
than that (46.7%) of the study conducted in 2010 in 6 districts 
of Preah Vihear Province excluding Chhaeb District [19] and 
that (26.6%) of another study conducted in 2012 in a different 
area (Rovieng District) of the same province [6]. This result 
may be attributed to an efficient handling of STHs nationwide 
in Cambodia, showing more than 80% coverage of mass drug 
administration (MDA) (twice a year with mebendazole) fol-
lowing WHO guidelines [20]. However, it is still unsatisfactory 
because higher than 10% prevalence of hookworms does not 
represent successful control in these areas. According to the 
WHO and UNICEF joint monitoring programme conducted 
in 2012, Cambodia had the lowest rates of access to improved 
WASH (water, sanitation and hygiene) program where open 
defecation is still widely practiced [20]. A significant risk factor 
for hookworm infection is contacting infective larvae of hu-
man or animal hookworms in soil via barefoot or skin. There-
fore, improvement in community hygiene as well as animal 
health seem to be essential for STH control in Cambodia [2,6].

Recent findings have shown that the efficacy of albendazole 
and mebendazole against hookworms has been decreasing 
over time [21]. The cure rate of hookworms using mebenda-
zole was only 32.5% which might be due to an anthelmintic 
drug resistance [21]. For preventive chemotherapy against 
hookworm infections in endemic areas, co-administration of 
drugs with different efficacy profiles, mebendazole, albenda-
zole, pyrantel pamoate, and/or oxantel pamoate, is recom-
mended [22]. 

Further studies are needed to confirm the prevalence of 
hookworms with molecular methods. PCR-based methods 
were proved to be a superior alternative to conventional mi-
croscopy-based techniques for detecting hookworm eggs in fe-
cal samples [23,24]. This was also proven in the research [6] 
which revealed a significantly higher rate of infection with the 
molecular-based examination (57.4%) than the microscopy-
based examination (26.6%). Besides, behaviors of residents 
and environmental surveys on endemic areas are necessary to 
analyze the potential risk factors of hookworm infections. 

Conclusively, our study confirmed that hookworm infec-
tions are endemic in 2 northern provinces of Cambodia, Preah 
Vihear and Stung Treng. A national scale deworming pro-
gramme using proper anthelmintic drugs such as albendazole 
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combined with pyrantel pamoate is needed with improved 
water supplies and sanitation for substantial reductions in 
hookworm prevalence. 
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