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Abstract. Species identification of human hookworm infections among eight communities in rural areas of Peninsular
Malaysia was determined during 2009–2011. Fecal samples were examined by microscopy and subsequently, the internal
transcribed spacer 2 and 28S ribosomal RNA region of Necator americanus and Ancylostoma spp. were sequenced.
Overall, 9.1% (58 of 634) were identified positive by microscopy for hookworm infection, and 47 (81.0%) of 58 were
successfully amplified and sequenced. Sequence comparison found that N. americanus (87.2%) was the most predomi-
nant hookworm identified, followed byAncylostoma ceylanicum (23.4%). NoA. duodenale infection was detected in this
study. Detection of A. ceylanicum in humans highlighted the zoonotic transmission among humans living near dogs.
Thus, implementation of effective control measures for hookworm infections in future should seriously consider this
zoonotic implication.

INTRODUCTION

Human hookworm infections have widespread socioeco-
nomic and public health implications. Globally, an estimated
600million persons are infected, resulting in up to 135,000 deaths
annually.1 Human infection is primarily caused by two species of
hookworm (Ancylostoma duodenale and Necator americanus).2

Geographic distribution of A. duodenale infections is mainly in
the Middle East, northern Africa, India, Australia, and Europe,
andN. americanus is more common in theWestern Hemisphere,
sub-Saharan Africa, eastern Asia, and southeast Asia.3

Clinically, infection in human causes iron-deficiency anemia,
which may result in mental retardation and growth deficien-
cies, particularly in children.4,5 Besides the two human species,
intestinal zoonotic infections with canine and/or feline hook-
worm such as A. ceylanicum, A. caninum, and Ancylostoma
braziliense have also been reported in many parts of the
world.6–8 More recently, zoonotic ancylostomiasis caused by
A. ceylanicum was detected by using copro-molecular diag-
nostic tools in rural communities in Thailand9,10 and Laos.11

Accurate diagnosis by precise identification and differenti-
ation of species involved is essential in monitoring the effi-
cacy of mass treatment and effective control of hookworm
infection. Currently, most diagnosis and research conducted
on the epidemiology of human hookworm infection greatly
relies on the use of a conventional method for the detection of
eggs in fecal samples. The benefits of this method are mainly
technical simplicity and low cost. Although microscopy is
limited and hampered because N. americanus eggs are mor-
phologically indistinguishable from Ancylostoma spp. and
other strongylid nematodes, including Trichostrongylus spp.
and Oesophagostomum spp., microscopy is still the gold stan-
dard technique for rapid diagnosis.
Frequently, mass treatment with anthelminthic drugs is

performed without identification of the causative species of
infection. Given that a clinical manifestation such as severity of
anemia differs according to the hookworm species involved12

and the route of infection for each hookworm species also dif-
fers from species to species (e.g., N. americanus infection is

mainly by skin penetration, and Ancylostoma spp. infections
are more common by ingestion of infective third-stage larvae),
species identification is paramount in designing appropriate
and effective prevention and control strategies. Moreover, if a
zoonotic hookworm is prevalent, the control target and strate-
gies formulated also need to encompass animal hosts.
Although hookworm infection is still highly prevalent, espe-

cially in rural and remote areas of Peninsular Malaysia,13–15

information on the species of hookworm present in humans
is lacking. Because of the importance of accurate identifi-
cation of hookworm infection, this study was conducted as
part of an ongoing epidemiologic investigation to provide
genetic data on the species of hookworm infecting humans
in Peninsular Malaysia.

METHODS

Study area and population. The study was carried out during
April 2009–April 2011 in eight villages in West Malaysia, which
have been recognized as geohelminth-endemic areas.14 The
villages were Pos Iskandar (3.06°N, 102.65°E), Sungai Layau
(1.53°N, 104.10°E), Bukit Serok (2.91°N, 102.82°E), Gurney
(3.43°N, 101.44°E), Sungai Bumbun (2.85°N, 101.42°E), Kuala
Pangsun (3.21°N, 101.88°E), Sungai Miak (3.52°N, 101.90°E),
and Kemensah (3.21°N, 101.77°E) (Figure 1).
Each village had a small population, and the number of

residents in each village was estimated to be 80–100 inhabi-
tants. A total of 634 villagers, 2–82 years of age (276 males
and 358 females) participated in this study. These commu-
nities lived in poor and socioeconomically deprived circum-
stances where overcrowding, poor environmental sanitation,
low level of education, and poor provision of safe water are
widespread. All houses have untreated tap water originating
from a nearby river and there are no household-based sani-
tation facilities. The environmental condition of the village
is generally poor with limited provision of latrine facilities
therefore encouraging defecation in and around bushes or
nearby rivers. Children usually defecated indiscriminately
around their houses without parental supervision. In addition,
it has been observed that it was common for villagers to walk
barefooted while outdoors. The villagers also kept dogs, cats,
monkeys, rabbits, and birds, and most of these domestic
animals were left to roam freely.
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Fecal sample collection and parasitologic procedures.
After persons had provided oral and written informed con-
sent, pre-labeled plastic containers for fecal sample collec-
tion were handed out to all participants, and their ability
to recognize their names was checked. The participants were
instructed to scoop a thumb-size fecal sample by using a
scoop provided into the container. Parents and guardians
were instructed to monitor their children during sample col-
lection to ensure that they placed their fecal samples into

the correct container. Containers filled with samples were
collected the next day.
Fresh fecal samples were stored at ambient temperature

and transferred to the laboratory within 2–4 hours after col-
lection. Samples were preserved in 2.5% potassium dichro-
mate and refrigerated at 4°C until further analysis. Samples
were processed using wet smear and formalin ethyl acetate
sedimentation technique, followed by microscopic examina-
tion of iodine-stained samples for hookworms and other

Figure 1. Location of the study areas in Peninsular Malaysia.
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intestinal parasites.16 Samples that were microscopically posi-
tive for hookworm eggs were further characterized by using
molecular procedures.
Genomic DNA extraction. Genomic DNA was extracted

directly from microscopically positive fecal samples by using
the PowerSoilÒ DNA Kit (catalog no. 12888-100; MO BIO
Laboratories, Carlsbad, CA) according to manufacturer’s
instructions. Before DNA extraction, approximately 0.2–0.3 g
of fecal sample was added into a PowerBead TubeÒ and incu-
bated at 70°C for 10 minutes with the presence of cell lysis and
disruption agent provided by the manufacturer. Subsequently,
the fecal sample was subjected to homogenization and lysis
procedure for complete cell lysis by mechanical shaking
(vortexing) with a vortex adapter (catalog. no. 13000-V1; MO
BIO Laboratories). Final elution of DNA was performed
in 50 mL of elution buffer instead of 200 mL. Extracted DNA
was stored at –20°C until required for polymerase chain
reaction (PCR) amplification.
DNA amplification by PCR. A two-step semi-nested PCR

was used for DNA amplification of hookworm species. For
the first amplification, forward primer NC1 (5¢-ACGTCTGGT
TCA GGG TTC TT-3¢) and reverse primer NC2 (5¢-TTA
GTT TCT TTT CCT CCG CT-3¢)17 were used to amplify
approximately 310-basepair and 420-basepair regions of inter-
nal transcribed spacer 2 and 28S ribosomal RNA region of
N. americanus andAncylostoma spp. The PCR was conducted
in a 50 mL volume with the final mixture containing 10 + PCR
buffer, 2.5 mM dNTPs, 25 mMMgCl2, 10 pmol of each primer,
5 units of Taq polymerase, and 6 mL of DNA template. The
sample was heated to 94°C for 5 minutes, followed by 30 cycles
at 94°C for 30 seconds (denaturing), 55°C for 30 seconds
(annealing), and 72°C for 30 seconds (extension), and a final
extension at 72°C for 7 minutes. Control samples without DNA
(DNase/RNase free water; catalog no.W4502; Sigma, St. Louis,
MO) and samples containing N. americanus and Ancylostoma
spp. genomic DNA (positive control) was included in each PCR.
Subsequently, samples that produced fragment approximately

310 and/or 420 basepairs in the first PCR were subjected to a
second amplification. Amplification was conducted by using
forward primer NA (5¢-ATGTGCACGTTATTCACT-3¢) for
N. americanus18 and AD1 (5¢-CGA CTT TAG AAC GTT
TCG GC-3¢) for Ancylostoma spp.19 and NC2 as a common
reverse primer. The secondary amplification reagent concen-
trations were similar to those of the first round of PCR except
that 6 mL of primary PCR product was added instead of
DNA. The cycling conditions for the second round amplifica-
tion were 94°C for 5 minutes, followed by 35 cycles at 94°C for
1 minute (denaturing), 55°C for 1 minute (annealing), and
72°C for 1 minute (extension), and a final extension at 72°C
for 7 minutes. In both amplifications, samples were incu-
bated in the MyCycler Thermal Cycler (Bio-Rad Laborato-
ries, Hercules, CA).
Species identification of hookworm. All PCR-positive ampli-

cons were then purified using the QIAquick Gel Extraction
Kit (catalog. no. 28104; QIAGEN, Hilden, Germany)
according to the manufacturer’s instructions. All purified ampli-
cons were subjected to DNA sequencing in both directions (for-
ward and reverse primers) using an ABI 3730XL sequencer
(Bioneer Corporation, Daejeon, South Korea). Sequence chro-
matograms were viewed using Sequence Scanner version 1.0
(Applied Biosystems, Foster City, CA). Sequences were ana-
lyzed and aligned with each other and published sequences

for all hookworms using BioEdit20 and MEGA4.21 Homology
search was conducted using National Center for Biotech-
nology Information (Bethesda, MD) reference sequences with
the Basic Local Alignment Search Tool as the means to deter-
mine hookworm species. All sequences generated in this study
were deposited in GenBank under accession nos. HQ452515–
HQ452517, HQ452537–HQ452543, and JF960362–JF960403.
Ethical considerations. The study protocol was approved

by the Ethics Committee of the University Malaya Medical
Center, Malaysia (MEC Ref. No. 824.11). Before sample col-
lection, an oral briefing to describe the objective and method
of the study was given to the participants by the investigator.
Consent was obtained either in written form (signed) or verbally
and by thumb prints (for those who were illiterate) from partic-
ipants or their parents/guardians (on behalf of their children).

RESULTS

Overall hookworm infection. Of 634 fecal samples exam-
ined, 58 (9.1%) were positive by microscopy for hookworm
infection (Table 1). Size of ova ranged from 60 to 75 mm in
length and from 36 to 40 mm in width. The highest prevalence
was recorded in Gurney (19.1%), followed by Pos Iskandar
(12.4%), Kuala Pangsun (11.1%), Bukit Serok (8.9%), Sungai
Bumbun (3.7%), and Sungai Layau (1.1%). No positive sam-
ple was detected in Sungai Miak and Kemensah. Prevalence
of other intestinal parasites detected in this study were 54.3%
(344 of 634) for Trichuris trichiura, 26.7% (169 of 634) for
Ascaris lumbricoides, 9.5% (60 of 634) for Giardia spp., and
9.1% (58 of 634) for Entamoeba histolytica/dispar.
Identification of hookworm species. The 58 hookworm-

positive samples were then subjected to PCR and sequence
analysis. The PCR amplicons were successfully obtained from
47 (81.0%) of 58 samples and genetically characterized on the
basis of its DNA sequence of the internal transcribed spacer
2 region of the ribosomal RNA gene. In addition, 576microscopy-
negative results were also screened by using molecular tech-
nique, and PCR results confirmed that these samples were
negative. Sequence comparison using the Basic Local Align-
ment Search Tool demonstrated that 87.2% (41 of 47) and
23.4% (11 of 47) were N. americanus and A. ceylanicum, respec-
tively. Overall, 76.6% (36 of 47) and 12.8% (6 of 47) of humans
had single infections with N. americanus and A. ceylanicum,
respectively, and 10.6% (5 of 47) had mixed infections with
both species (Table 2). The highest prevalence of N. americanus
was recorded in Gurney (21 of 47, 44.7%), followed by Pos

Table 1

Hookworm infections detected by microscopy and PCR* of human
fecal samples in Peninsular Malaysia

Location No. examined

Microscopy PCR

No. % No. %†

Gurney 141 27 19.1 23 85.2
Pos Iskandar 113 14 12.4 11 78.6
Kuala Pangsun 54 6 11.1 6 100
Bukit Serok 99 8 8.9 5 62.5
Sungai Bumbun 54 2 3.7 2 100
Sungai Layau 89 1 1.1 0 0
Sungai Miak 30 0 0 0 0
Kemensah 54 0 0 0 0
Total 634 58 9.1 47 81.0

* PCR = polymerase chain reaction.
† Based on the number positive by microscopy (n = 58).
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Iskandar (10 of 47, 21.3%), Kuala Pangsun (4 of 47, 8.5%),
and Bukit Serok (4 of 47, 8.5%), and the lowest prevalence
was recorded in Sungai Bumbun (1 of 47, 2.1%). As for
A. ceylanicum, 10.6% (5 of 47) were detected in persons in
Gurney, 4.3% (2 of 47) in Pos Iskandar and Kuala Pangsun, and
2.1% (1 of 47) in Bukit Serok and Sungai Bumbun respectively.

DISCUSSION

In this study, microscopy examination showed that 9.1%
(58 of 634) of the participants had hookworm infection. This
finding is consistent with those of a recent study among sim-
ilar rural communities in Malaysia (12.8%)14 and other local
studies (prevalence range = 3.0–10.8%).13,22–24 However, the
data must be interpreted cautiously because these studies were
based on a single fecal examination, which possibly results
in underestimation of the actual prevalent rates. In addition,
light hookworm infections might have been underdiagnosed
by microscopy.
Conventionally, hookworm detection by microscopy is not

able to differentiate between N. americanus and Ancylostoma

spp. In the present study, molecular analysis was used to con-
firm human infections of two species of hookworm, namely
N. americanus and A. ceylanicum. It is assumed that the
principal species of hookworm infecting human in Peninsular
Malaysia is the most predominant human hookworm world-
wide (N. americanus). Thus, it is not surprising that our molec-
ular analysis showed that 87.2% of the infections were caused
byN. americanus. Similarly, the only available species-specific
hookworm study conducted in Sarawak (East Malaysia) also
found one N. americanus isolate in human sample.25 Inter-
estingly, no A. duodenale infection was found in these study
areas, which also supports the geographic restriction of this
species. This finding was consistent with those of other stud-
ies in countries in Southeast Asia, which reported that the
distribution of N. americanus is far more prevalent than that
of A. duodenale.
In the southern part of Thailand, a low prevalence for

A. duodenale (0.1%) has been reported in humans compared
with 99.9% for N. americanus.26 Recently, a study among per-
sons living in central Thailand indicated that 92.0% of the per-
sons were infected with N. americanus compared with 2.0%
with A. duodenale.10 Conversely, a recent study in Laos found
that Ancylostoma spp. infections (9.4%) were slightly more
prevalent than N. americanus infections (5.9%).11 However this
finding could be a biased representation because specific
species of Ancylostoma was not elucidated in that study.

Because this community lived near dogs, it is highly possible
that the Ancylostoma spp. identified could be a mixture of
A. ceylanicum and/or A. duodenale. Nonetheless, geographic
variance in the distribution of the two human hookworm spe-
cies is a multi-factorial phenomenon, given that factors such
as human and parasite behavior, ethnicity, climate, temper-
ature, and environmental factors are involved.12,27 Because
Malaysia, Thailand, and Laos are neighboring countries with
similar geographic conditions, human factors such as life style
should be compared in future studies.
Zoonotic hookworm infections in humans have been over-

looked because of lack of molecular tools to identify hook-
worm species. In the present study, A. ceylanicum infections
(23.4%, 11 of 47), a common canine and feline hookworm,
were found in human. This result clearly indicated that
A. ceylanicummay be more common than previously thought.
Ancylostoma ceylanicum is the only species of zoonotic hook-
worm known to produce patent infections in humans. This
finding has been demonstrated experimentally28,29 and natu-
rally. Natural infections withA. ceylanicum have been reported
in servicemen from The Netherlands returning fromWest New
Guinea, who had heavy infections with concurrent anemia.30

Mostly light infections have been reported in humans in the
Philippines,31 Taiwan,32 Thailand,33 and India.34 More recently,
zoonotic ancylostomiasis caused by A. ceylanicum has been
reported in rural communities in Thailand9,10 and Laos.11

Although emerging zoonotic case reporting is increasing world-
wide, these parasites are still regarded as rare and abnormal
hookworms of humans and largely overlooked in human para-
site surveys.
Dogs and cats were the most common domestic animals in

the studied communities. These animals were roaming freely
and defecating around the neighborhood. Transmission of hook-
worm is aggravated in these areas because mud and damp
soils favor development of infectious stage larvae. A study
among persons living near semi-domesticated dogs in Bangkok,
Thailand identifiedA. ceylanicum in persons where 77.0% of the
dogs harbored this species.9 Additionally, a recent study among
persons in a rural area in central Thailand showed that 6.0%
of hookworm egg–positive persons harbored A. ceylanicum.10

Such human-animal cohabitation puts humans at risk for an
array of zoonotic parasitic diseases. Because children usually
defecate indiscriminately around their houses without paren-
tal supervision and in some cases even adults defecated indis-
criminately in bushes and the nearby river near their houses,
this behavior may facilitate transmission of parasites from
humans to humans, humans to animals, or animals to humans.

Table 2

Necator americanus and Ancylostoma ceylanicum infections in human fecal samples detected by PCR* according to villages (n = 47) in
Peninsular Malaysia

Location PCR positive

N. americanus only A. ceylanicum only N. americanus and A. ceylanicum

No. % No. % No. %

Gurney 23 18 78.3 2 8.7 3 13.0
Pos Iskandar 11 9 81.8 1 9.1 1 9.1
Kuala Pangsun 6 4 66.7 2 33.3 0 0
Bukit Serok 5 4 80.0 0 0 1 20.0
Sungai Bumbun 2 1 50.0 1 50.0 0 0
Sungai Layau 0 0 0 0 0 0 0
Sungai Miak 0 0 0 0 0 0 0
Kemensah 0 0 0 0 0 0 0
Total 47 36 76.6 6 12.8 5 10.6

* PCR = polymerase chain reaction.
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Although all microscopy-positive samples that were nega-
tive by PCR (11 samples) were retested several times by PCR,
amplification was still unsuccessful. The inability to amplify
these samples was believed to be associated with inhibitor
substances that were not eliminated before the PCR. Further
study to optimize reduction of these inhibitors is necessary
during the extraction process to increase PCR sensitivity.
Failure to amplify the samples mentioned above could also

be caused by the fact that hookworm eggs identified were
not from hookworms but from strongylid nematodes because
they are morphologically indistinguishable by microscopy. One
such strongylid is Trichostrongylus spp., which is also known
as hookworm-like eggs. Human infection with Trichostrongylus

spp. has been reported in other countries in Southeast Asia,
such as Laos11 and Thailand,35 and in South Korea36 and Iran.37

Although there are no published reports of human infection
with this species in Malaysia, Trichostrongylus spp. infection
in humans cannot be disregarded because molecular identifi-
cation of other strongylid nematode such as Trichostrongylus
spp.-specific PCR has not been used in studies in Malaysia.
Therefore, this analysis should be incorporated in future studies.
In conclusion, our study demonstrated that N. americanus

was the most predominant hookworm species infecting humans
in Malaysia. Cases of infection with A. duodenale were not
found, which supports the geographic restriction of this spe-
cies. Interestingly,A. ceylanicum, a canine hookworm, was also
detected in humans, which shows that humans are at high risk
of acquiring infection with A. ceylanicum, especially those
living near dogs. Thus, implementation of effective control
measures for hookworm infections should seriously consider
this zoonotic implication.
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