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Abstract

We developed a new concentration kit, called the ParaEgg (PE), for easy detection trem-
atode eggs from fecal samples in endemic areas of clonorchiasis and metagonimiasis in
Korea. To create a standard of detection efficiency, 120 fecal samples were examined
using the water—ether concentration method (WECM). The PE kit and Mini ParaSep (PS)
kit were used to compare the detection sensitivity of 100 egg-positive and 20 egg-nega-
tive samples in WECM. Additionally, stool samples, which were intentionally spiked with
10, 20, and 30 Clonorchis sinensis eggs, were evaluated to assess the sensitivity in low-
infection cases. The PE and PS kits showed detection rates of 100% and 92%, respec-
tively, from 100 egg-positive samples in WECM. Meanwhile, eggs were detected in 3 (PE)
and 2 (PS) out of 20 egg-negative samples in WECM. The PE kit detected the highest
number of eggs per gram of feces (727 on average), followed by the WECM (524) and
PS kit (432). In fecal samples that were intentionally spiked with 10, 20, and 30 C. sinen-
sis eggs, PE only detected eggs 2 out of 5 samples in 10 eggs spiked (40%), and the
detection rates were 80% and 100%, respectively. The PE kit enabled a more accurate
identification of trematode eggs because of the clearance of small fecal debris in the mi-
croscopic field. In conclusion, the PE kit is obviously helpful to detect and identify trema-
tode eggs in stool examinations especially in endemic areas of clonorchiasis and meta-
gonimiasis.
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Introduction

The rate of infection by intestinal parasites has steadily declined in Korea. In particular,
soil-transmitted helminths, including Ascaris lumbricoides and Trichuris trichiura, were
declared eliminated from Korea in 2001 [1,2]. However, in some regions of Korea, the inci-
dence of foodborne helminth infections caused by Clonorchis sinensis and Metagonimus
spp. remain high because of the consumption of raw or improperly cooked freshwater fish
[3,4]. Based on the results of the Domestic Indigenous Parasite Disease Investigation Proj-
ect from 2011 to 2020, clonorchiasis and metagonimiasis accounted for over 95% of intes-
tinal parasitic infections in Korea [5]. Infections with foodborne helminths, including C.
sinensis and Metagonimus spp., are the main public health problems with clinical symp-
toms in endemic Korean riverside areas. In particular, clonorchiasis, which is caused by C.
sinensis, causes liver cirrhosis and even induces cholangiocarcinoma [6,7]. C. sinensis is
classified as a group 1 carcinogen by the International Agency for Research on Cancer [8].
Therefore, clonorchiasis continues to pose a serious threat to public health in Korea, and
an accurate diagnosis is important to eliminate this endemic disease [7].

Fecal examination is the gold standard for diagnosing intestinal parasitic diseases, in-

323/329


https://orcid.org/0009-0001-0291-4717
https://orcid.org/0000-0001-5248-6995
https://orcid.org/0000-0003-3369-0063

Lee et al.: Sensitive fecal parasite egg concentration kit

Author contributions
Conceptualization: Ju JW, Lee HI, Lee MR
Formal analysis: Lee E

Investigation: Back SO

Project administration: Lee HI

Conflict of interest
The authors declare no conflict of interest
related to this study.

ORCID

Eunsol Lee
(https://orcid.org/0009-0001-0291-4717)
Jung-Won Ju
(https://orcid.org/0000-0001-5248-6995)
Myoung-Ro Lee
(https://orcid.org/0000-0003-3369-0063)

cluding clonorchiasis and metagonimiasis. According to previous studies, the preparation
of stool samples is an important factor that affects the diagnosis results [9,10]. Based on the
World Health Organization and the US Centers for Disease Control and Prevention, the
Kato-Katz egg counting technique (KKECT) and formalin-ether sedimentation technique
(FEST) are the gold standard for fecal examinations (quantitative and qualitative method)
[11,12]. The KKECT is used in field surveys for many populations because it is simple, fast,
and inexpensive [13]. However, this method cannot differentiate small trematode eggs
from opisthorchiid and heterophyid flukes. By contrast, FEST is more efficient than the
KKECT in detecting small trematode eggs, including C. sinensis and Metagonimus spp.
[14,15]. The Korea Disease Control and Prevention Agency (KDCA) endorses the water—
ether concentration method (WECM), which is derived from FEST and uses water instead
of formalin. However, the WECM is a labor-intensive and time-consuming method [16].
Therefore, a more sensitive and convenient method for detecting helminth eggs in fecal
samples needs to be developed. In the present study, we developed a new concentration kit
(ParaEgg [PE], KR 10-1057975) for easily detecting small trematode eggs in fecal samples
from endemic areas of clonorchiasis and metagonimiasis.

Materials and Methods

Ethics statement

Ethical approval was waived because this study was conducted to evaluate public welfare
through a fact-finding survey (Infectious Disease Control and Prevention Act, Article 17(1)).

Standard stool samples to be examined

Standard stool samples were made based on the WECM. Thus, the number of positive
(n=100) and negative (1 =20) samples were identical based on the findings of the WECM.
Twenty negative samples were selected from regions with a high positivity rate for disease
occurrence. Moreover, the number of eggs per gram of feces (EPG) was categorized from
the findings of the WECM: low (EPG 0-49), medium (EPG 50-99), and high (EPG 2 100)
infection. To determine the recovery rate, negative stool samples were spiked with 10, 20,
and 30 C. sinensis eggs.

Fecal sample preparation using the WECM

Fecal samples (1 g) were homogenized in 13 ml of water and passed through 2 layers of
gauze to remove large debris [17]. The suspension was centrifuged at 3,000 rpm (1,977 g) for
3 min. After discarding the supernatant, the sediment was resuspended in 10 ml of water
and vigorously mixed using a loop for at least 1 min. Afterward, the suspension was added
with 3 ml of ethyl ether and mixed thoroughly to separate fat from the feces. The mixed so-
lution was centrifuged at 3,000 rpm (1,977 g) for 3 min, and the supernatant was discarded.
The obtained sediment was examined under a light microscope.

PE kit method

The PE kit (KR 10-1057975) comprises an integral configuration with a body, an insert, and
a spoon (Fig. 1). The insert uses a 100-um mesh that is placed diagonally to achieve effective
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Fig. 1. Workflows of stool sample preparation with the ParaEgg kit.

filtration of debris and collection of eggs. To prepare the PE for use, the “insert” was placed
into the “body” (15 ml conical tube) containing 8 ml of buffer. The fecal sample (0.5 g) was
added using the spoon, and the sample was vortexed to emulsify the mixture for suspen-
sion. The tube was centrifuged at 2,000 rpm (879 g) for 3 min. Thereafter, the “insert” was
discarded. Next, 3 ml of ethyl ether was added to the tube to concentrate and separate para-
sitic eggs from fecal matter comprising vegetable and/or meat fibers. The mixture was then
vortexed and centrifuged at 3,000 rpm (1,977 g) for 3 min, and the supernatant was dis-
carded. Finally, the parasitic eggs contained in the formed pellet were examined under a
light microscope.

Mini ParaSep faecal parasite concentrator method

The Mini ParaSep Faecal Parasite Concentrator (PS; Diasys Europe, Berkshire, UK) meth-
od was performed in accordance with the manufacturer’s instructions. Fecal samples (0.5 g)
were placed in a tube containing 2.4 ml of buffer (10% formalin fixative and Triton X) and
then added with 1 ml of ethyl acetate. The mixture was then vortexed to allow emulsifica-
tion. The tube was inverted and centrifuged at 1,200 g for 3 min. Thereafter, the top layers
of the supernatant were discarded, and the sediment was examined under a light micro-
scope.

Microscopy to detect helminth eggs

To detect parasite eggs using a microscope, the pellet was resuspended in 1 ml of water, and
a drop (30 ) of each sample was examined at magnifications of 100 x and 400 x . Once the
total egg count was obtained, the EPG was calculated. To compare the clearance of samples
for microscopic observation, images were captured using the Rebel Hybrid Microscope
(Discover Echo, San Diego, CA, USA) at magnifications of 100 x and 400 x .

Statistical analysis

Statistical analyses were performed using Microsoft Excel 2016 for Windows (Microsoft,
Redmond, WA, USA) and SPSS 25 (SPSS, Chicago, IL, USA). The diagnostic performance
was evaluated based on WECM as the reference standard. Statistical significance was con-
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sidered at P< 0.01.

Results

Detection rate of eggs and EPG using the 3 methods tested

The results of sensitivity tests with positive and negative samples using WECM are shown in
Table 1. Of the 100 positive samples, PE had a sensitivity of 100%, whereas PS only had a
sensitivity of 92%. Furthermore, PS only detected eggs from low-EPG samples with a sensi-
tivity of 74%. From the 20 samples deemed negative for infectious parasites by WECM, PE
detected eggs in 3 samples, whereas PS detected eggs in 2 samples. These results indicate that
PE had the highest sensitivity. The PE concentration method identified 103 positive samples,
with egg counts ranging from 12 EPG to 8,232 EPG. WECM identified 100 positive samples
with significantly lower egg counts, ranging from 5 EPG to 5,060 EPG. Meanwhile, PS iden-
tified 102 positive samples, with the lowest EPG values with an average of 432 eggs.

Detection rate of eggs in spiked stool samples by the 3 methods tested

To assess the sensitivity in low-infection samples, negative stool samples were spiked with
10, 20, and 30 C. sinensis eggs, and the egg detection sensitivity was compared among the 3
methods. The results of this experiment are shown in Table 2. Although the WECM and
PS methods could not detect eggs in samples spiked with 10 eggs, the PE method detected
eggs in 2 out of 5 samples. The number of egg-positive samples and recovered eggs did not
differ between the PE and WECM samples spiked with 20 and 30 eggs. However, the num-
ber of egg-positive samples using the PS method was only 3 (60%). Moreover, the PS
method showed a low recovery of samples spiked with 20 and 30 eggs compared with the

Table 1. Detection rate of eggs in the standard stool samples (100 positive and 20 negative deter-
mined by WECM) by the PE and PS methods
No. of egg positive (%) No. of egg negative (%)
Samples P-value
WECM PE PS WECM PE PS

No. of positive High? 64 64(100) 64(100) 63(98) 0 0 1(1.6)

Medium® 17 17(100) 17(100) 15(88) 0 0 2(11.8)

Low* 19  19(100) 19(100) 14(74) 0 0 5(26.3)

Total 100 100(100) 100(100) 92(92) 0 0 8(8.0) 0.01
No. of negative 20 0 3(15  2(10) 20(100) 17(85) 18(90) 0.01
*High: EPG 2 100.
®Medium: EPG 50-99.
‘Low: EPG 0-49 by WECM.
Table 2. Comparison of quantitative egg detection by 3 methods
Concentration No. of positive EPG

method samples Mean £ SD Median Min Max

WECM 100 524 + 849 189 5 5,060
PE 103 727 £1,280 246 12 8,232
PS 94 432+753 132 12 5,026
WECM, The water ether concentration method; PE, ParaEgg kit; PS, ParaSep kit.
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Table 3. Detection rate of eggs in the spiked stool samples by 3 methods tested
No. of eggs No. of No. (%) of sample positive (%) No. of recovered eggs
spiked samples g PE PS WECM PE PS
10 eggs 5 0 2 (40) 0 0 28139 0
20 eggs 5 4(80) 4(80) 1(20) 82+47 46+3.0 20+45
30eggs 5 5(100) 5(100) 3(60) 124145 1641+ 14.8 108+ 14.8

Fig. 2. Comparison of eggs and foreign particles under a microscope after preparation a single sam-
ple. Images were captured at 100x and 400 x magnification by WECM, PE, and PS. Bar=270 pm.

other methods in Table 3.

Microscopic field clearance of slide samples using the 3 methods tested

The amounts of debris observed in the 3 preparation methods were significantly different.
The debris observed in the WECM was larger than those observed in the PE and PS meth-
ods. Although large-sized particles, such as those observed in the PE method, were not vis-
ible in the PS method, more debris was observed in the PS method than in the PE method
(Fig. 2).

Discussion

Traditionally, the examination of parasites in feces has been conducted using manual con-
centration techniques with toxic organic solvents including formalin, which consequently
pose a risk to the personnel processing the samples. Therefore, for several years, the KDCA
has used a modified concentration technique with water instead of formalin for fecal prep-
aration, termed the WECM. Despite the improvement, the WECM is still a laborious and
time-consuming process to perform. The PE kit (Patent no. 10-2561898 invented by the
KDCA) is an easy-to-handle, closed plastic system requiring minimal manipulation, pro-
viding a clear safety advantage. It comprises a buffer and an adapted filter. Moreover, the
personnel using the kit can place a fixed amount of feces directly into the device with the
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spoon provided, thereby maintaining consistency in testing of multiple samples.

The present study aimed to evaluate the performance of the PE kit, WECM, and PS kit
for diagnosing intestinal parasitic infections with C. sinensis and Metagonimus spp. The re-
sults of qualitative and quantitative evaluations showed that the PE method exhibited supe-
rior detection rate compared with the WECM and PS methods. Furthermore, in the present
study, eggs were detected using PE in negative samples that went undetected by WECM.
The PS kit was developed and commercialized to simplify the formalin—ether concentration
method and minimize specimen handling within a disposable enclosed system [18,19].
However, in the present study, PS was not suitable for low-EPG samples infected with C. si-
nensis [20]. The larger size of filters in the PS kit is intended for detecting large eggs, includ-
ing those of Schistosoma mansoni and Hymenolepis nana [21]. However, for detecting small
eggs, such as those of C. sinensis or Metagonimus spp., which are more prevalent in Korea,
the fine filter of the PE kit is considered more suitable. Although we only showed the detec-
tion results of C. sinensis and Metagonimus spp. in the present study, we also detected Asca-
ris lumbricoides and Paragonimus westermani in the survey (data not shown). The PE kit
also has another big advantage: the mesh size can be changed depending on the purpose of
the experiment, which can be applied to smaller or larger eggs. Moreover, compared with
the WECM, closed concentration systems, including the PE and PS kits, can protect against
toxic hazards and are less laborious and time-consuming as they use a vortex for mixing
and homogenizing operations. When comparing the appearance of residual fragments of
foreign substances in fecal samples under a microscope after preparation, the PE kit provid-
ed a relatively clean state, allowing for clear observation of eggs. We believe that the amounts
of debris seen in the deposit increased with pore size above the recommended value, mak-
ing it more difficult to observe. According to previous studies, background clearing is better
in PS than in the formalin-ethyl acetate sedimentation technique [22,23]. However, our re-
sults showed that PE exhibited better cleaning effects (or debris removal) compared with
PS. The reason for this is because PE uses a finer mesh size than the gauze in WECM or
plastic mesh in PS.

Although the PE kit may be more expensive than the conventional WECM, it is faster,
more convenient, and easier to use. Additionally, it allows diagnosis with a smaller sample
size. The PE kit demonstrated higher sensitivity and provided better background clearance
than the PS kit. It also exhibited better performance in qualitative and quantitative diagno-
ses. In conclusion, the new PE kit is convenient and has excellent sensitivity, making it a
promising tool for accurately diagnosing intestinal parasite infections.
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