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Hookworms are blood-sucking nematodes that infect dogs, cats, and humans, causing iron-deficiency anemia,
abdominal pain, diarrhea, and skin inflammation. Amplification refractory mutation system (ARMS) is a mod-
Dogs ified technology based on allele-specific PCR, which is widely used in mutation detection and genotyping.

Cats . However, no data about ARMS application in hookworm detection. This study aims to establish a multi-ARMS-
ISVII\;I;H'ARMS'qPCR qPCR method for the detection of three hookworm species from dogs and cats. A universal forward primer and
TS three specific primers (ARMS-Cey, ARMS-Can, and ARMS-Tub) were designed based on the three ITS SNPs

(ITS250, ITS78 and ITS153) of Ancylostoma ceylanicum, A. caninum, and A. tubaeforme, respectively. The results
showed that the three designed ARMS primers generated specific melting curves for the three hookworms'
standard plasmids. The melting temperature (T,,) values were 88.40 °C (A. ceylanicum), 83.15 °C (A. caninum),
and 85.65 °C (A. tubaeforme), with good reproducibility of intra- and inter-assay. No amplification was observed
with other intestinal parasites. The limit of detection using the established technique was 1, 2, and 104 egg per
gram feces (EPG) for A. caninum, A. tubaeforme and A. ceylanicum, respectively. Using multi-ARMS-qPCR assay,
17 out of 50 fecal samples were positive for hookworms, including ten single and seven mixed infections, and
single infections were quantified. In conclusion, the used multi-ARMS-qPCR method has the advantages of high
efficiency, sensitivity, specificity, and quantitative analysis and can be used for the clinical detection, epide-

miological investigation, and zoonotic risk assessment of canine and feline hookworms.

1. Introduction

Hookworms are blood-sucking nematodes of the Ancylostomatidae
family that infect dogs, cats, and humans, causing variable symptoms,
such as iron-deficiency anemia, diarrhea, abdominal pain, and skin
inflammation [1]. The common hookworms infecting dogs and cats
globally are Ancylostoma caninum, A. braziliense, A. ceylanicum, A. tu-
baeforme, and Uncinaria stenocephala. The first three Ancylostoma spe-
cies are the known zoonotic hookworms, which can be transmitted from
animals to human. A. caninum and A. braziliense primarily cause larva
migrans [2], while A. ceylanicum can mature into the adult stage in the
human intestine, inducing iron-deficiency anemia and abdominal
symptoms [3]. Hence, the rapid and accurate detection of hookworms is
crucial for the epidemiological investigation and zoonotic risk assess-
ment of hookworms.

The traditional microscopic examination has been widely used for
the detection of hookworm infection. However, it is very difficult to
discriminate between different hookworm eggs because of their
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morphological similarities [4]. Recently, several molecular detection
methods have been extensively applied for hookworm detection, such
as semi-nested PCR, PCR-single strand conformation polymorphism
(PCR-SSCP) and PCR-restriction fragment length polymorphism (PCR-
RFLP) [5-7]. These techniques not only improve the accuracy of
hookworm identification, but also save time and labor compared with
the traditional method. However, these methods suffer some dis-
advantages, such as the high cost, low sensitivity, missed detection, and
long detection cycle [8,9]. Therefore, there is an urgent need for a high-
throughput, highly efficient, and sensitive molecular detection tech-
nique for hookworms.

Amplification refractory mutation system (ARMS), also named al-
lele-specific PCR (ASPCR), is a simple, rapid, reliable, and cost-effective
method for detecting any mutation involving single base changes or
small deletions [10]. This system principle is that if a primer anneals to
a given DNA sequence except for a mismatched 3’ end, DNA polymerase
will not extend the reaction [11]. ARMS is based on using an allele-
specific primer (AS primer) with 3’-end bases complementary to the
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mutated bases of target DNA. This primer allows amplification of test
DNA only when containing the target allele. After an ARMS reaction,
the presence or absence of a PCR product is diagnostic for the presence
or absence of the target allele [10]. In some occasions, the 3’ end
mismatch does not completely prevent the extension reaction. There-
fore, an extra mismatch base is artificially introduced at 2-3 bases from
the 3’ end of primer to further improve its specificity, and the resulted
primer is called the ARMS primer [12]. ARMS-qPCR technology has
been widely used in mutation detection and genotyping [13-15]. Real-
time PCR (qPCR) detection method has been recorded to be more rapid,
sensitive and specific for the assessment of egg count compared to
microscopy [16]. To our knowledge, no studies have combined ARMS
assay with qPCR to detect and quantify canine and feline hookworms.

This study aims to establish a multi-ARMS-qPCR method for the
detection of A. ceylanicum, A. caninum and A. tubaeforme, based on their
three ITS SNPs sequences, as a new technical means for the epidemio-
logical investigation and zoonotic risk assessment of canine and feline
hookworms.

2. Materials and methods
2.1. Parasites and fecal samples

Adult hookworms of A. ceylanicum, A. caninum and A. tubaeforme
were obtained from those samples previously identified [17-19] and
maintained in our laboratory at —80 °C. The fecal samples from 30
stray dogs and 20 stray cats were collected at animal shelters in
Shantou City, Guangdong Province, China and stored at 4 °C until use.

2.2. DNA extraction

Adult hookworms of the three Ancylostoma species preserved in 50%
ethanol, were repeatedly washed with double-distilled water (ddH,O).
The genomic DNA (g DNA) of individual worms was extracted using the
Wizard® SV Genomic DNA Purification System (Promega, Wisconsin,
USA) according to the manufacturer's instructions. The genomic DNA of
all fecal samples was extracted by the stool DNA extraction kit (Omega,
Georgia, USA) according to the manufacturer's protocols. DNA samples
were stored at —20 °C until use.

2.3. PCR amplification of ITS-1

The universal primer NC5 (5-GTAGGTGAACCTGCGGAAGGATC
ATT-3’) and NC2 (5-TTAGTTTCTTTTCCTCCGCT-3") [20], based on
internal transcribed spacer 1 (ITS1) sequence, were synthesized by
Shanghai Biotechnology Company (Shanghai, China). The expected
amplification fragment was 834 bp in length. The PCR amplification
was performed using DNA samples extracted from the three hookworm
species as templates. The PCR reaction was done in 25 pL total reaction
mixtures containing 9.5 puL of ddH,O, 12.5puL of Ex-Taq polymerase
(TaKaRa, Dalian, China), 0.5 pL of each primer NC5/NC2 (50 pmol/L),
and 2 pL of the DNA sample. Cycling parameters were as follows: initial
denaturation at 94 °C for 5min; 35 cycles of denaturation at 94 °C for
30s, annealing at 61.5 °C for 30s, and extension at 72 °C for 45s; and
then a final extension at 72 °C for 7 min. PCR products were analyzed by
ethidium bromide stained agarose gel electrophoresis, re-harvested
using a DNA gel extraction Kit (Omega, Georgia, USA) and stored at
—20 °C until use.

2.4. Construction of standard plasmids

The purified PCR products were cloned into the PMD-18 vector
(TaKaRa, Dalian, China), transformed into Escherichia coli DH5a
(TaKaRa, Dalian, China) and identified by bacterial liquid PCR. Positive
plasmids were sequenced to further validate the hookworm species.
After sequencing, 50 pL of positive bacterium liquid was inoculated into
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Table 1
Primers for ARMS-qPCR based on three SNPs.
SNP Primer Primer sequence (5’-3") Length(bp)
ITS 250 Forward AGCCTTATGGTTCCTTTGATCCTG 24
ARMS-Cey CCTGACAGACAAGTGCCGAAC 21
ITS 78 Forward AGCCTTATGGTTCCTTTGATCCTG 24
ARMS-Can TAGGGCTGTAACGGTGAGT 19
ITS 153 Forward AGCCTTATGGTTCCTTTGATCCTG 24
ARMS-Tub CAGCGAAACGCGAACTTAGT 20

ARMS-Cey:Reverse specific primer for A. ceylanicum ; ARMS-Can:Reverse
specific primer for A. caninum ; ARMS-Tub:Reverse specific primer for A. tu-
baeforme ; Bold letter:mismatched base.

5mL of lysogeny broth (LB) medium with ampicillin (Amp+), IPTG
and X-gal, and then were shaken overnight at 37 °C. Plasmid DNAs were
extracted using the Plasmid Mini Kit (Omega, Georgia, USA) and stored
at —20 °C. The plasmids (1 puL) were analyzed by the ultramicro-spec-
trophotometer to evaluate their purity and concentration. Optical
density (OD) values (A260/A280) were compared to the reference
value (1.8-2.0) [21], and all standard plasmids were stored at —20 °C.

2.5. ARMS-qPCR primer design

Based on the three ITS SNPs (ITS78, ITS153, and ITS250) of A.
caninum (EU159415.1), A. tubaeforme (JQ812691.1), and A. ceylanicum
(KF279133.1) sequences, three specific primers (ARMS-Can, ARMS-
Tub, and ARMS-Cey) and a single universal forward primer (Table 1)
were designed by the Primer Premier 5.0 (PREMIER Biosoft, California,
USA) and Oligo 6 software (Thermo Fisher Scientific, Massachusetts,
USA). The primers were synthesized by Shanghai Biotechnology Com-
pany (Shanghai, China), diluted with sterile ddH,O to a final con-
centration of 10 pmol/uL and stored at — 20 °C until use.

2.6. ARMS-qPCR amplification

To test the designed ARMS-primers ability to differentiate between
different Ancylostoma species, ARMS-qPCR amplification was per-
formed by using each of the constructed A. ceylanicum, A. caninum and
A. tubaeforme plasmids as a template. In each PCR, one ARMS primer
(ARMS-Can, ARMS-Tub, or ARMS-Cey) and the universal forward
primer were used to amplify its corresponding target plasmid (tem-
plate). The reaction system contained Taq SYBR® Green qPCR Premix
(12.5pL), forward primer (0.5pL), ARMS-R primer (0.5pL), ddH,O
(10.5 pL), and DNA template (1 uL). The used qPCR cycling conditions
were initial denaturation at 95 °C for 2 min; followed by 40 cycles of
denaturation at 95 °C for 10 s, annealing at 58 °C for 20 s and extension
at 72°C for 20s; and melting from 70 °C to 99 °C at 0.5 °C/s intervals.

2.7. Multi-ARMS-qPCR amplification

To evaluate the ability of the developed assay to detect mixed
hookworm infection, we used the multi-ARMS-qPCR to amplify A.
ceylanicum, A. caninum and A. tubaeforme plasmids mixture as a tem-
plate. The optimized reaction system contained 15puL of Taq SYBR®
Green qPCR Premix, 2.5 L of the universal forward primer, 1.0 uL of
ARMS-Can, 1.0 uL of ARMS-Tub, 0.5 pL of ARMS-Cey, 4.0 uL. of ddH,O
and 1.0 pL of the plasmid mixture at the ratio of 1:1:1. The used qPCR
cycling program was as follows: initial denaturation at 95 °C for 2 min;
40 cycles of denaturation at 95 °C for 10s, annealing at 62 °C for 20s,
and extension at 72°C for 20s; and melting from 70°C to 99°C at
0.5 °C/s intervals.

2.8. Quantification and sensitivity of multi-ARMS-qPCR

For quantification of hookworms, we measured the three
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hookworms' standard plasmids by a spectrophotometer and converted
their concentrations (ng/pL) into gene copy number (copy/uL). Gene
copy numbers were calculated using the formula (DNA concentration
(ng) x 107° x Avogadro constant (6.022 X 1023)/plasmid size
(bp) X the average weight of a base pair [22]. Then, the standard
plasmids were tenfold serially diluted at concentrations of 1:10" - 1:108.
Multi-ARMS-qPCR was performed using plasmids with different gra-
dient concentration as templates, and a standard curve was constructed.
The egg density (EPG) of the three hookworms was calculated ac-
cording to the number of gene copies for an egg [22]. Briefly, each
Ancylostoma species eggs were isolated from fresh feces, micro-
scopically counted using a standard counting chamber, preserved in
0.5% formalin at 4 °C. From the stock mixture, three batches of known
egg numbers were used in replicates to estimate the gene copy numbers
per egg. The gene copy number in each DNA sample was calculated as
described above for the multi-ARMS-qPCR assay.

2.9. Evaluation of multi-ARMS-qPCR specificity and stability

The specificity of multi-ARMS-qPCR was evaluated using DNA
samples representing the common intestinal organisms of dogs and cats,
such as Dipylidium caninum, Toxocara cati, Trichuris vulpis, Giardia
lamblia, and Escherichia coli. The stability of the developed assay was
assessed by determining the intra-assay and inter-assay reproducibility.
Coefficient of variation (CV) was calculated by analyzing the standard
plasmids. The intra-assay and inter-assay reproducibility were mea-
sured based on the cycle threshold (Cy values) [23] by testing the
standard plasmids at a higher (10% and lower (10%) concentrations,
respectively. The intra-assay (n = 3) and inter-assay (n = 3) repeats
were performed every other week.

2.10. Fecal samples screening by multi-ARMS-qPCR assay

Fifty fecal samples (2 g feces for each sample) from cats and dogs
were examined by the centrifugal flotation technique with saturated
zinc sulfate solution. Meanwhile, the egg number per gram of feces
(EPG) of each fecal samples was calculated using classical McMaster
method. Genomic DNAs were extracted from the fecal samples ac-
cording to the instructions of stool DNA extraction kit (Omega, Georgia,
USA). These DNA samples were detected by using the established multi-
ARMS-qPCR assay. The reaction system and amplification conditions
were the same as above. Their detecting results were compared with
those of PCR-RFLP, where the RFLP analysis was performed referring to
Liu et al. [18].

2.11. Data analysis

Rotor-Gene Q Software (Qiagen Com., USA) was used for data
analysis, producing graphs, and finding the correlation between Cr
value and egg count.

3. Results
3.1. ITS-1 fragment amplification and standard plasmids construction

The amplified fragments from three genomic DNAs of adult A.
ceylanicum, A. caninum, and A. tubaeforme were 834bp in length
without nonspecific bands (Fig. 1), which was in consistent with the
expected fragment length. The OD values (A260/A280) of three
hookworms' positive plasmids were between 1.8 and 2.0, which were
within the acceptable purity level. A. ceylanicum, A. caninum, and A.
tubaeforme plasmid concentrations were 81.0, 76.8, and 115.4 ng/uL,
respectively.
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Fig. 1. PCR amplification of the ITS1 fragment of three hookworms. M. DL5000
marker; 1. A. ceylanicum; 2. A. caninum; 3. A. tubaeforme; 4. Negative control.

3.2. ARMS-qPCR amplification

To validate the developed ARMS-qPCR technique, we analyzed A.
ceylanicum, A. caninum, and A. tubaeforme plasmids, which previously
confirmed to be positive using PCR and sequencing. The ARMS-qPCR
melting curves for A. ceylanicum, A. caninum, and A. tubaeforme plas-
mids (Fig. 2) showed that the used method could distinguish between
three hookworm species with the formation of three specific peaks. By
the Rotor-Gene Q software analysis, the T,, values were 88.40 °C (A.
ceylanicum), 83.15 °C (A. caninum), and 85.65 °C (A. tubaeforme).

3.3. Multi-ARMS-qPCR amplification

Amplification of the three-hookworm plasmid mixture by the multi-
ARMS-qPCR generated three specific melting peaks (Fig. 3a). As well as,
A. ceylanicum, A. caninum, and A. tubaeforme plasmids produced specific
bands on agarose gel electrophoresis with the size of 94, 170 and
268 bp, respectively (Fig. 3b). These findings indicate that multi-ARMS-
gPCR can detect mixed hookworm infection with A. ceylanicum, A.
caninum, and A. tubaeforme.

3.4. Multi-ARMS-qPCR sensitivity

Multi-ARMS-qPCR amplification using plasmids with different gra-
dient concentrations demonstrated that the three hookworms' plasmids
standard curves had a good linear correlation at the egg concentrations
(egg/uL) of 5.4 x 10°-5.4 x 10~ 2 (A. caninum), 8.1 x 10°-8.1 x 10~ 2
(A. tubaeforme) and 5.7 X 10*-5.7 x 10° (A. ceylanicum), respectively
(Fig. 4). The lowest EPG values required to detect A. caninum, A. tu-
baeforme, and A. ceylanicum were 1, 2, and 104, respectively.

3.5. Multi-ARMS-qPCR specificity and stability

Multi-ARMS-qPCR assay could specifically amplify the genomic
DNA from A. ceylanicum, A. caninum, and A. tubaeforme. No amplifi-
cation was observed when the multi-ARMS-qPCR was performed on
genomic DNA of Dipylidium caninum, Toxocara cati, Trichuris vulpis,
Giardia lamblia, Escherichia coli, and sterile ddH,O (Fig. 5). The re-
producibility results showed that the coefficient of variation (CV) at Ct
values for different concentrations of A. ceylanicum, A. caninum and A.
tubaeforme plasmids was less than one (Table 2). Consequently, the
intra-assay and inter-assay reproducibility of this method were good.

3.6. Fecal samples analysis by multi-ARMS-qPCR assay

Seventeen out of fifty fecal samples from stray dogs and cats in
Shantou City of Guangdong Province were microscopically positive for
hookworm eggs. All positive fecal samples were detected to be positive
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Fig. 2. Melting-curve analysis of standard plasmids. 1. A. caninum plasmid; 2. A. tubaeforme plasmid; 3. A. ceylanicum plasmid.

by using the multi-ARMS-qPCR method, they were identified as A. ca-
ninum (n=38), A. tubaeforme (n=2), mixed infection with A. ceylanicum

A. cevlanicum
30 [* - 1 I [ A caninum

and A. caninum (n=>5), and mixed infection with A. caninum and A. 28 A. tubasforme
tubaeforme (n=2). Only sixteen positive fecal samples were detected by - B .

PCR - RFLP, including A. caninum (n=7), A. tubaeforme (n=2), A. - ...

ceylanicum (n=1) and mixed infections of A. ceylanicum and A. caninum &8 a

(n=4), and mixed infection with A. caninum and A. tubaeforme (n=2). ry 22 B

The sensitivity of the multi-ARMS-qPCR and PCR-RFLP method was 20 i 3

100% and 94.1%, respectively, indicating that the multi-ARMS-qPCR 18 -

method was more sensitive. Meanwhile, the density of eggs in single 1% B .'.
infections was quantified by the multi-ARMS-qPCR, shown in Table 3.

14

4. Discussion - = -

Three hookworms, A. ceylanicum, A. caninum, and A. tubaeforme,
have been reported to be the common hookworm species infecting dogs
and cats in Guangdong Province of China [17-19]. These hookworms
cause blood loss and anemia that can be fatal in young kittens and
puppies [2]. Moreover, Ancylostoma caninum cutaneous larva migrans
in human has been linked to eosinophilic enteritis, eosinophilic pneu-

monitis, diffuse unilateral neuroretinitis, folliculitis, localized myositis,
erythema multiforme,

2.7 3.7
log(starting quantity)

Fig. 4. Standard curves of multi-ARMS-qPCR. A. ceylanicum standard equation:
Cr= —3.469x + 32.54, R? = 0.994, Efficiency = 94%; A. caninum standard

equation: Cr = —3.273x + 31.265, R? = 0.999, Efficiency = 102%; A. tubae-
forme standard equation: Cr=

= —3.391x + 28.712,  R? = 0.999,
Efficiency = 97%.

and ophthalmological manifestations [2]. and depends on the inspector's expertise [28]. Although some mole-
Meanwhile, A. ceylanicum can develop into the adult stage in the human cular detection techniques, including HRM and PCR-RFLP, have been
intestine, causing abdominal pain and distension and diarrhea, occult applied for hookworm detection [18,29,30], none of these techniques
blood in the feces, and anemia [3]. Hookworm infections are often

caused by exposure to soil or sewage containing infective larva
[24-26]. Currently, the hookworm quantitative assessment, in the
guidelines for the safe use of wastewater and excreta, mainly relies on
egg counting [27]. This method accuracy is limited at low egg density

can be used for quantitative detection of hookworm eggs in samples.
Gyawali et al. [22] established a qQPCR method for quantitative detec-
tion of A. caninum eggs and evaluation of the DNA copy number per
individual worm egg, showing the advantages of high sensitivity and

specificity.
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Fig. 3. Multi-ARMS-qPCR melting curve (a) and PCR amplification (b). M. DL 500 Marker; 1. Three hookworm plasmids; 2. Negative control.
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Fig. 5. Specificity of multi-ARMS-qPCR for amplifying the genomic DNA from A. ceylanicum, A. caninum, A. tubaeforme and other control samples.

This study is the first to establish a multi-ARMS-qPCR method for
both qualitative and quantitative detection of A. ceylanicum, A. ca-
ninum, and A. tubaeforme. The amplification of the three-hookworm
plasmid mixture by the multi-ARMS-qPCR generated three specific
melting curves, which were in consistent with the PCR amplification
results of the three hookworm plasmids. These results suggest that the
developed method can detect mixed infection with A. ceylanicum, A.
caninum, and A. tubaeforme and distinguish between these hookworm
species. Regarding specificity, this method could specifically amplify
the three target hookworms, and no cross-reaction with the common
intestinal parasites, such as Toxocara cati, Trichuris vulpis, Dipylidium
caninum, and Giardia lamblia, of dogs and cats was observed. The pre-
sent study compared the detection efficiency of the multi-ARMS-qPCR
method with that of PCR-RFLP. The multi-ARMS-qPCR method found 5
mixed infections with A. ceylanicum and A. caninum, one positive
sample more than those found by PCR-RFLP. However, PCR-RFLP de-
tected one sample with A. ceylanicum single infection, which was not
found by the multi-ARMS-qPCR. Perhaps, A. caninum, in one mixed
infection with A. ceylanicum, could not be detected by PCR-RFLP.
Moreover, a previous study found that SYBR Green I dye molecules had
a priority in binding to different DNA, where it preferred to bind to
higher G + C content and longer amplicons [31,32]. In addition, the
concentration of SYBR Green I also affects the formation of specific
peaks [33]. Therefore, our study increased the Taq SYBR® Green qPCR
Premix volume from 12.5pL to 15 pL. Additionally, we adopted three
hookworms' plasmids with low concentration to ensure that all DNA
templates can bind completely to SYBR Green I in the reaction system.

To evaluate the quantitative detection of the three hookworms, we
established the multi-ARMS-qPCR standard curves for three hookworm
species plasmids. The results showed that the limit of detection for A.
caninum, A. tubaeforme, and A. ceylanicum was 1, 2, and 104 egg(s) per
gram of feces, respectively. While fecal egg counts using the McMaster
method in this study recorded a detection limit of 20 EPG for the three
hookworm species. Thus, the sensitivity of the established multi-ARMS-
qPCR method is good. Nevertheless, the sensitivity for the detection of
A. ceylanicum is significantly lower than that of A. caninum and A. tu-
baeforme. This difference may be attributed to the presence of few

optional SNPs and existing mismatches at ITS250 in the design of A.
ceylanicum specific primers. When the template concentration is very
low, it will interfere with the amplification. Therefore, we hypothesize
that the developed multi-ARMS-qPCR detection method can be used to
quantify A. ceylanicum only under moderate or severe infection in-
tensity. While it can effectively detect and quantify A. caninum and A.
tubaeforme under very low infection intensity.

Fecal samples screening by the multi-ARMS-qPCR assay recorded
single or mixed infection with A. caninum and A. ceylanicum in canine
fecal samples, and that with A. tubaeforme and A. ceylanicum in feline
fecal samples. Besides, the multi-ARMS-qPCR assay could quantify the
single hookworm infection. The obtained results indicate that A. ca-
ninum is the dominant hookworm species among dogs in Shantou City,
Guangdong Province, which agreed with the previously recorded pre-
valence of canine and feline hookworm in Guangzhou City, Guangdong
Province [17,29]. Whereas, our study reported A. tubaeforme as the
common feline hookworm species in Shantou City, similar to previous
results reported from stray cats in Shaoguan and Foshan, Guangdong
Province [19,30]. These data suggest that A. tubaeforme is the most
common hookworm species among cats in Guangdong Province, China.

In summary, this study established a new multi-ARMS-qPCR method
for the detection of A. ceylanicum, A. caninum, and A. tubaeforme single
and mixed infections as well as quantification of single infections. This
method may provide a new technical means for further studies on the
epidemiological investigation and assessment of the zoonotic risk from
canine and feline hookworms.
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Table 2
Stability evaluation of multi-ARMS-qPCR for three hookworm plasmids (Cy value).

Batch A. ceylanicum A. caninum A. tubaeforme

5.7 x 10! 5.7 x 10* 5.4 x 10" 5.4 x 10* 8.1 x 10" 8.1 x 10*

First (n = 3) 26.08 = 0.09 16.32 = 0.12 25.75 + 0.05 15.65 = 0.03 22.43 + 0.02 12.11 + 0.05

Second (n = 3) 25.89 + 0.12 16.41 = 0.08 25.82 + 0.06 15.73 = 0.03 22.16 = 0.21 12.00 = 0.02

Third (n = 3) 25.82 = 0.06 16.14 = 0.16 25.78 + 0.03 15.70 = 0.05 22.39 += 0.08 12.16 = 0.04

Average 25.93 16.29 25.78 15.70 22.33 12.09

CV(%) 0.35 0.74 0.18 0.23 0.46 0.30
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Table 3

Qualitative and quantitative detection of fifty fecal samples by multi-ARMS-

qPCR.
Number Host Hookworm Cr vaule EPG
1 Stray dog A. caninum 31.06 24
2 Stray dog A. caninum 26.45 602
3 Stray dog A. caninum 27.85 226
4 Stray dog A.caninum & A.ceylanicum + +
5 Stray dog A.caninum & A.ceylanicum + +
6 Stray dog A. caninum 30.85 56
7 Stray dog A. caninum 26.43 612
8 Stray dog A. caninum 31.08 23
9 Stray dog A.caninum & A.ceylanicum + +
10 Stray dog A. caninum 30.86 27
11 Stray dog A.caninum & A.ceylanicum + +
12 Stray cat A. caninum 29.14 91
13 Stray cat A.caninum & A.tubaeforme + +
14 Stray cat A.caninum & A.tubaeforme + +
15 Stray cat A. tubaeforme 30.26 7
16 Stray cat A. tubaeforme 31.47 3
17 Stray cat A.caninum & A.ceylanicum + +

“+” represent mixed infection, which the density of eggs can not be quantified.

2014A020214005).
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