OPEN 8 ACCESS Freely available online

-. ‘4 PLOS NEGLECTED
TROPICAL DISEASES

Correlation between Discharged Worms and Fecal Egg
Counts in Human Clonorchiasis

Jae-Hwan Kim', Min-Ho Choi', Young Mee Bae’, Jin-Kyoung Oh?, Min Kyung Lim?, Sung-Tae Hong'*

1 Department of Parasitology and Tropical Medicine and Institute of Endemic Diseases, Seoul National University College of Medicine, Seoul, Republic of Korea, 2 National

Cancer Control Institute, National Cancer Center, Goyang-si Gyeonggi-do, Republic of Korea

Abstract

Background: Stool examination by counting eggs per gram of feces (EPGs) is the best method to estimate worm burden of
Clonorchis sinensis in infected humans. The present study investigated a correlation between EPGs and worm burden in
human clonorchiasis.

Methods and Findings: A total of 60 residents, 50 egg-positive and 10 egg-negative, in Sancheong-gun, Korea, participated
in this worm collection trial in 2006-2009. They were diagnosed by egg positivity in feces using the Kato-Katz method. After
administration of praziquantel, they were purged with cathartics on the next day, and then discharged adult worms were
collected from their feces. Their EPGs ranged from 0 to 65,544. Adult worms of C. sinensis were collected from 17 egg-
positive cases, and the number of worms ranged from 1 to 114 in each individual. A positive correlation between EPGs and
numbers of worms was demonstrated (r=0.681, P<<0.001). Worm recovery rates were 9.7% in cases of EPGs 1-1,000 and
73.7% in those of EPGs over 1,000. No worms were detected from egg-negative subjects. Maximum egg count per worm
per day was roughly estimated 3,770 in a subject with EPGs 2,664 and 106 collected worms.

Conclusions: The numbers of the worms are significantly correlated with the egg counts in human clonorchiasis. It is
estimated that at least 110 worms are infected in a human body with EPGs around 3,000, and egg productivity of a worm

per day is around 4,000.
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Introduction

Clonorchus sinensis is the most widespread parasitic fluke in East
Asia. Several hyperendemic foci are scattered in China and Korea
[1,2]. Clonorchiasis, a disease caused by infection of C. sinenss,
results from ingestion of its metacercariae by consumption of raw
or undercooked freshwater fish. The metacercariae excyst in the
duodenum, and the larvae migrate into the bile duct and grow up
to adult worms. Adult worms produce excretory and secretory
proteins, sperms, and eggs at 3 to 4 weeks after infection. It was
reported that the secretory and excretory proteins are responsible
for development of several pathological changes in the bile duct
including cholangiocarcinoma and other complications [3].

Despite several pathological changes, most patients with
clonorchiasis complain no or mild non-specific symptoms. In this
respect, most infected people hardly notice this infection for a long
time. Therefore an accurate diagnosis and subsequent cure in
early stage of infection is essential to prevent complications caused
by C. sinensis infection. Several kinds of methods are generally used
for diagnosis of clonorchiasis, such as fecal examination by the
Kato-Katz method (KK), formalin-ether sedimentation (FES),
serology by enzyme-linked immunosorbent assay (ELISA), and
ultrasonography of the liver [4-7]. Of these methods, the KK is a
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quantitative examination by counting the number of eggs
discharged in feces.

The number of eggs per gram of feces (EPGs) has been used to
conjecture the worm burden in clonorchiasis [6]. In human
opisthorchiasis, adult worms were recovered after praziquantel
treatment, and relationship between worm burden and EPGs was
analyzed in a previous report [8]. It was known that the number of
eggs per worm per day in guinea pigs and cats infected with C.
sinensis were 1,600 and 2,400, respectively [9]. Even though we
expect that EPGs per worm or egg productivity of a worm per day
would be different in humans as compared with experimental
animals due to differences in amounts of feces or host
susceptibility, no data of infected worms have been matched with
the EPGs in human clonorchiasis.

In our previous report, we recovered adult worms of C. sinensis
from 8 patients with high EPGs [10]. The report described details
of procedures for collection of C. sinensis adult worms from infected
people and suggested its use for evaluation of human infection
mtensity. Collection and counting of worms should be a direct
method of quantitative diagnosis. The present study followed the
protocol subjecting 42 new egg-positive and 10 egg-negative
individuals in an endemic area of C. sinensis. The worms collected
in the present study and those from the 8 cases of our previous
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Author Summary

Clonorchiasis is a major neglected disease in East Asia.
Worm data in infected humans are very limited, and only
egg counts roughly estimate infection burden of the
worms. In endemic areas, we recruited infected cases and
tried to collect the adult worms from them. They were
treated with 3 doses of praziquantel, and purged next day
under fasting. Adult worms of C. sinensis were recovered
from their diarrheal feces. The worms discharged from
humans after treatment are minimum confirmed numbers.
The worm recovery rate noticeably increased in subjects
with higher egg counts. The number of collected worms
was well-correlated with the egg counts. Worm collection
by praziquantel medication and purgation is a safe non-
invasive method to get worm information from human.
The present study confirms that at least 110 worms are
infected in a human body with egg counts per gram of
feces around 3,000, and egg productivity of a worm per
day is around 4,000.

study [10] were used for the present analysis of correlation
between EPG counts and the number of worms from humans.

Materials and Methods

Ethics statement

The present study was a part of the cohort research which was
reviewed and approved by the institutional review board of the
National Cancer Center of Korea in 2006 (NCCNCS-07-080),

and informed consent was obtained from the subjected residents.

Study population and location

A cohort study has investigated risk factors and incidence of
cholangiocarcinoma since 2006 in Sancheong-gun, Gyeongsang-
nam-do, Korea, where clonorchiasis is endemic. The cohort study
team of the National Cancer Center of Korea and the parasitology
laboratory members of the Seoul National University collaborated
for the cohort. About 500 to 700 residents in Sancheong-gun were
examined every year for their general health status and
parasitological screening on voluntary base. The residents who
joined the health examination were included for the cohort. The
present study subjected 50 egg positive and 10 egg negative
residents from the cohort participants for the worm collection. The
Kato-Katz method was used for quantitative stool examination,
and duplicate slides per a subject were applied to reduce diagnostic
variation [11].

Worm collection

All participants, regardless of egg positivity, took 25 mg/kg
praziquantel, three times a day. On the next day of praziquantel
treatment, they ingested purgation solution (Colyte®-F, Tacjoon
Pharm., Seoul, Korea) to pass out their intestinal content. Whole
purged fecal materials from the participants were collected 5 to 10
times and the worms were carefully recovered with naked eyes
after washing of the feces. We followed the procedure which was
described by Shen et al. [10].

Statistical analysis

Spearman rank correlation analysis was used to evaluate the
correlation between egg counts and number of recovered worms.
Statistical differences between categorical variables were calculat-

ed with a Student’s t or 2x2 chi-square test. All analyses were
carried out with PASW Statistics, version 18.0 (SPSS Inc.,
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Chicago, IL, USA). A P value of less than 0.05 was considered
to indicate statistical significance.

Results

In a total of 60 residents, 52 of the present study (42 egg-positive
and 10 egg-negative) and 8 of previous report [10] were newly
enrolled in this experiment. They comprised 42 males and 18
females with a median age of 58 years (range; 45—77). All of egg-
positive subjects were diagnosed by the KK method. The mean
EPG count of 50 positive subjects was 2,878 (range; 12-65,544).

A total of 460 adult worms of C. sinensis were collected from 17
of the 50 egg-positive subjects. The number of worms in each
subject ranged from 1 to 114. No worms were detected from egg-
negative subjects (n=10). The recovered worms were fully
matured (15-20 x2—4 mm in size), and their body color was red,
black, or white (Fig. 1A). In black worms, the posterior part of the
body mainly represented black, but the rest was red. Interestingly,
white worms looked destained except for the uterus which was
filled with eggs. Further, a few worms presented partial or severe
damage demonstrating round margin of the remaining body
(Fig. 1B, G, and D).

Even though there were wide variations in the numbers of
recovered worms by individuals, the numbers of worms tended to
rise according to EPG counts (Table 1). When the correlation
analysis was performed to evaluate quantitative changes of
recovered worms with EPG counts, it revealed a positive
association (r=0.681, P<0.001) (Fig. 2).

The overall rate of worm collection was 34.0% from egg-
positive subjects (Table 1). The highest rate was 83.3% in the
subjects of EPGs over 3,000. The lower the EPGs were counted,
the less the worms were recovered. The rate of worm collection
was 75.0% in the subjects with EPGs 1,001-2,000 but decreased
to 20.0% in those with EPGs 101-1,000 and 4.8% in those with
EPGs 1-100 (P=0.001 by Pearson’s y* test).

Numbers of egg per worm per day (EPWPD) widely varied in
the present results (range; 3,770-475,200). Due to the wide
variation, reliable EPWPD was unable to be calculated from whole
data. Therefore we focused on two subjects who discharged 114
and 106 worms; these worm numbers were higher than those of
most subjects. Their EPGs were 3,168 and 2,664, and EPWPD
were 4,168 and 3,770, respectively.

The rate of worm collection was little higher in males than in
females, but not significant (Table 2, 43.8% versus 16.7%,
P=0.052 by Pearson’s %? test). The overall mean EPGs were
higher in males than in females, but there were wide variations in
counts (2,878 versus 537, P=0.246 by Student’s t test). By age, the
worm recovery rates decreased from 50.0% in age 40-59 to 21.4%
in age 6079 (Table 2, P=0.034 by Pearson’s ¥ test).

Discussion

The present study applied praziquantel medication and
purgation to collect adult worms from infected human subjects
of clonorchiasis as Shen et al. [10] suggested, and confirmed that
the method was safe and reliable. Praziquantel is generally
regarded as a safe drug for treatment of trematode and cestode
infections [12,13]. It often has side effects, such as headache,
dizziness, nausea, vomiting and abdominal pain [14]. These effects
are usually mild and transient, and therefore special treatment is
not needed. In the present study, 25 subjects (41.7%) complained
epigastric fullness, dizziness and vomiting but these symptoms
subsided spontaneously on the same day. There was no such a case
of anaphylactic reaction in our study as reported previously [15].
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Figure 1. Adult worms of C. sinensis recovered from patients. (A) Three kinds of worms with different colors were confirmed. (B, C and D) A
few worms were collected with partial maceration (arrowheads) from different subjects.

doi:10.1371/journal.pntd.0001339.g001

Praziquantel is known to induce paralysis by sustained muscula-
ture contraction and tegumental disruption of target worms via
increase of permeability to Cia?* on the cell membrane of the worms
[16]. When metabolized praziquantel in bile juice contacts C. sinensis
in the intrahepatic bile duct, the worms are paralyzed and
dispatched from the bile duct mucosa [10,17]. The paralyzed
worms slowly flow down to the intestine with bile. Most of the worms
recovered in the present study preserved their gross structure intact.
They were rapidly expelled from the intestine by the purgation, and
this process prevented them from severe destruction or autolysis.
However, a few fragmented or partially disrupted worms were found
but it was unable to figure out their exact numbers.

The present collection method could have recovered only the
worms which moved to the intestine before the purgation. The
purgation began after 12 to 15 hours from the last dose of
praziquantel. The collection timing (up to 5 hours) is the
maximum allowance for keeping the patients fasting and diarrhea.
Adult worms of Opusthorchis viverrini are able to be recovered
through the purgation as well, and a few were found in feces in
about 12 to 24 hours after the first treatment with praziquantel
[8,18]. In the present study, it had to be considered whether a few
dead worms were discharged by defecation before the purgation.
We did not check their history of defecation after praziquantel
administration before the purgation. This is a limitation of the
present method for worm collection, but no worms were detected
in the first or second stools during the purgation.

It is presumed that most of the lost worms in the collection still
remain in the biliary tree, dead or alive. Most of the worms may
be still in the gallbladder or bile duct because bile flow is very
slow and stagnant in the gallbladder. The worms live in the
intrahepatic bile duct which undergoes dilated and tortuous
changes. The infected bile ducts provide saccular rooms for the
worms to survive as their habitat. Some of the paralyzed worms
by praziquantel may be trapped in the saccular rooms. Those
trapped worms are unable to flow down to the intestine and
should have been excluded in the worm collection. Further, it is
possible that some worms were lost by maceration during the
passage through the biliary and intestinal track. In the present
study, a few worms were partially or totally damaged. The totally
destroyed worms must have been lost during the collection. The
round partial loss of the body tissue was recognized as an
outcome of bullous rupture of the tegument, which was a known
action of praziquantel [19,20].

In the present study, the color of the worms varied with most
cases. Red, black or white worms were intermingled according to
individuals or in a subject. The worms whose anterior body part
was red presented the uterus full of eggs. As the body color of
worms is red in animals newly infected with C. sinensis, the red
worms may be fresh and actively produce eggs. On the contrary,
the white worms containing comparatively small amount of eggs in
the uterus may be less productive. When the worms are pigmented
by lipofuscin as a senile change, they are looking black [21]. The

Table 1. Intensities of Clonorchis sinensis infection by EPG ranges.

EPG range No. of examined Worm-positive case (%) Worm No. range (mean)
1-100 21 1(4.8) 1(1.0)

101-1,000 10 2 (20.0) 1-3 (2.0)

1,001-2,000 8 6 (75.0) 3-30 (11.3)

2,001-3,000 5 3 (60.0) 9-106 (44.3)

3,001- 6 5(83.3) 2-114 (50.8)

Total 50 17 (34.0) 1-114 (27.1)

doi:10.1371/journal.pntd.0001339.t001
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Figure 2. Correlation analysis between numbers of recovered
worms and EPG counts. Data of egg-positive subjects (n=50) were
used for analysis. The correlation coefficient (Spearman’s rho, r) usually
presents a weak (r<<0.5), moderate (0.5<r<<0.8) and strong (0.8<r)
relationship. A Student’s t test was used to examine significance of the
correlation coefficient and P value less than 0.05 was considered
statistically significant.

doi:10.1371/journal.pntd.0001339.9g002

finding demonstrates various ages of the infected worms and
continuous infection of C. sinensis in the studied endemic area.
The rate of worm collection was particularly low in EPGs 1—
1,000 as compared with those in EPGs over 3,000. This finding
means that most worms in the bile duct of the infected subjects
were lost or missed during the collection process. The subjects with

Table 2. Clonorchis sinensis infection by age and sex.
No. of egg-positive Worm positive
Age Sex subjects cases (%)
40-49 Male 7 4 (57.1)
Female 3 1(333)
Subtotal 10 5 (50.0)
50-59 Male 10 5 (50.0)
Female 2 1 (50.0)
Subtotal 12 6 (50.0)
60-69 Male 10 3 (33.3)
Female 10 1 (10.0)
Subtotal 20 4 (20.0)
70-79 Male 5 2 (40.0)
Female 3 0 (0.0
Subtotal 8 2 (25.0)
Total Male 32 14 (43.8)
Female 18 3(16.7)
Subtotal 50 17 (34.0)
doi:10.1371/journal.pntd.0001339.t002
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high EPGs were expected to be infected with many worms,
however, a certain proportion of worms must have been lost even
from those with high EPGs because 33 (66.0%) of the 50 egg-
positive subjects were worm-negative. Also the wide variation (2—
114 worms) of the collected worms from those with EPGs over
2,000 meant that there were many lost worms. Therefore the
observed number of the worms was the minimum confirmed
burden of infection in humans.

Although the number of recovered worms varied even in each
range of EPGs, we found a moderate positive correlation between
EPGs and number of worms from the human subjects (Fig. 2,
r=0.681, P<0.001). It is quite reasonable and well-known that
EPGs correlate with the worm burden. This correlation was
confirmed already in human opisthorchiasis [8]. This is the first
report to provide the worm data of C. sinensis from human hosts in
correlation with EPGs.

In the present study, the proportion for individuals in the range
of EPG 1-1,000 was 62.0% of egg-positive subjects, but their
worm recovery rate was only 9.7%. Hong et al. [6] suggested that
the KK and FES method is highly sensitive for diagnosis of
clonorchiasis. Based upon the present findings, the sensitivity of
the worm collection method is too low to apply for diagnosis of
clonorchiasis. Of course the worm collection is too complicated to
be used for routine diagnosis. It is unable to use the worm
collection as a diagnostic method of clonorchiasis.

We expected that it was reliable to conjecture the number of
infected worms according to EPGs. However, it is impossible to
figure exact number of infected worms from humans because we
do not know numbers of lost worms, and EPG counting by the
KK method is a crude method. Thus, numbers of C. sinensis in the
present study were minimum confirmed figures from the infected
individuals. Based on these limitations, we focused on two subjects
who discharged 114 and 106 worms because their numbers of
recovered worm were higher than those of most subjects. With
data of them, it is roughly estimated that at least 110 worms are
infected in a human body with EPGs around 3,000. No one knows
how many worms were lost exactly but the 114 and 106 worms
from the two patients were regarded as almost close to a real
number. If the two patients passed roughly 150 g of feces in a day,
total number of eggs per day from them might be 450,000. If the
110 worms produce 450,000 eggs per day, a worm produces about
4,090 eggs. This amount of eggs per one C. sinensis was the first
estimation from human hosts. This egg productivity per day is the
highest estimation compared with those of various laboratory
animals [9]. The human is a suitable host for C. sinensis, and thus
the worms would produce maximum eggs in a human body.

Median EPG per worm (EPGPW) in the present study was
higher than that in human opisthorchiasis (514 versus 200) [8].
However, because of a large variation in our studys, it is difficult to
compare EPGPW between human clonorchiasis and opisthorchi-
asis. In a study on O. viverrini, a theoretical equation between EPGs
and worm number was figured through accurate recovery of
worms by autopsy [22]. The gradual decrease of EPWPD
according to the increase of recovered worm counts may depend
on declining fecundity by high density of worms in the intrahepatic
bile ducts [22]. We were not able to calculate EPWPD as well as
EPGPW due to small sample size and loss of worms in the present
study. Further, the aged worms of C. sinensis may produce fewer
eggs than young ones, and this may be another causative factor of
relatively loose correlation between egg counts and worm burden
in the present study as compared with analysis in human
opisthorchiasis [23].

Chai et al. [18] reported that most of the tried patients passed
the adult worms of O. viwerrini and maximum 315 worms were
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collected from a man in Laos. Comparing the worm collection
data between C. sinensis and O. viverrini, it 1s regarded more difficult
to collect C. sinensis than O. vierrini from humans. The difficulty
may originate from their size difference, since C. sinensis is bigger
than O. viverrina.

It was reported that the cure rate in human clonorchiasis was
83.0% after the first praziquantel treatment and also converted to
100% by the second treatment [24]. Since we collected worms by
one treatment in the present study, it is necessary to monitor
uncured cases.

In conclusion, EPGs are well correlated with number of worms
in human clonorchiasis. It is estimated that at least 110 worms are
infected in a human body with EPGs around 3,000, and EPWPD
1s around 4,000. However, worm collection from humans is very

References

1. Rim HJ (2005) Clonorchiasis: an update. J Helminthol 79: 269-281.

2. Choi MH, Park SK, Li Z, Ji Z, Yu G, et al. (2010) Effect of control strategies on
prevalence and re-infection of clonorchiasis in endemic areas of China. PLoS
Negl Trop Dis 4: ¢601.

3. Kim DW, Kim JY, Moon JH, Kim KB, Kim TS, et al. (2010) Transcriptional
induction of minichromosome maintenance protein 7 (Mcm?7) in human
cholangiocarcinoma cells treated with  Clonorchis sinensis excretory-secretory
products. Mol Biochem Parasitol 173: 10-16.

4. Cho SH, Lee KY, Lee BC, Cho PY, Cheun HI, et al. (2008) Prevalence of
clonorchiasis in southern endemic areas of Korea in 2006. Korean J Parasitol 46:
133-137.

5. Choi D, Jeon YH, Lee GC, Choi MH, Hong ST (2009) Changes in sonographic
findings after treatment of patients with clonorchiasis in a heavy endemic area.
Korean J Parasitol 47: 19-23.

6. Hong ST, Choi MH, Kim CH, Chung BS, Ji Z (2003) The Kato-Katz method is
reliable for diagnosis of Clonorchis sinensis infection. Diagn Microbiol Infect Dis
47: 345-347.

7. Lee MK, Hong SJ, Kim HR (2010) Seroprevalence of tissue invading parasitic
infections diagnosed by ELISA in Korea. ] Korean Med Sci 25: 1272-1276.

8. Elkins DB, Sithithaworn P, Haswell-Elkins M, Kaewkes S, Awacharagan P, et al.
(1991) Opusthorchis viverrini: relationships between egg counts, worms recovered
and antibody levels within an endemic community in Northeast Thailand.
Parasitology 102: 283-288.

9. Rim HJ (1986) The current pathobiology and chemotherapy of clonorchiasis.
Korean J Parasitol 24 Suppl. pp 1-114.

10. Shen C, Kim J, Lee JK, Bac YM, Choi MH, et al. (2007) Collection of Clonorchis
sinensis adult worms from infected humans after praziquantel treatment.
Korean J Parasitol 45: 149-152.

11. Katz N, Chaves A, Pellegrino J (1972) A simple device for quantitative stool
thick-smear technique in Schistosomiasis mansoni. Rev Inst Med Trop Sao
Paulo 14: 397-400.

@ www.plosntds.org

Worms and Egg Counts in Human Clonorchiasis

limited and complicated although it is the only non-invasive
method to obtain information of worms in human clonorchiasis.

Acknowledgments

The authors thank Chenghua Shen, Eun-Min Kim, Siwon Kim, Sung Eun
Kim, Jihae Yoon and Hae Joo Wi, for their assistance with the field work
and worm collection in the Sancheong cohort.

Author Contributions

Conceived and designed the experiments: STH MHC MKL. Performed
the experiments: JHK YMB JKO MKL STH MHC. Analyzed the data:
JHK JKO. Contributed reagents/materials/analysis tools: YMB MKL.
Wrote the paper: JHK STH MHC MKL.

12. Keiser J, Duthaler U, Utzinger J (2010) Update on the diagnosis and treatment
of food-borne trematode infections. Curr Opin Infect Dis 23: 513-520.

13. van den Enden E (2009) Pharmacotherapy of helminth infection. Expert Opin
Pharmacother 10: 435-451.

14. Cioli D, Pica-Mattoccia L (2003) Praziquantel. Parasitol Res 90 Suppl. pp 3-9.

15. Shen C, Choi MH, Bae YM, Yu G, Wang S, et al. (2007) A case of anaphylactic
reaction to praziquantel treatment. Am J Trop Med Hyg 76: 603-605.

16. Greenberg RM (2005) Ca®" signalling, voltage-gated Ca®* channels and
praziquantel in flatworm neuromusculature. Parasitology 131 Suppl. pp 97-108.

17. Choi MH, Chang BC, Lee SJ, Jang IJ, Shin SG, et al. (2006) Therapeutic
evaluation of sustained-releasing praziquantel (SRP) for clonorchiasis: phase 1
and 2 clinical studies. Korean J Parasitol 44: 361-366.

18. Chai JY, Park JH, Han ET, Guk SM, Shin EH, et al. (2005) Mixed infections
with  Opisthorchis viverrini and intestinal flukes in residents of Vientiane
municipality and Saravane Province in Laos. ] Helminthol 79: 283-289.

19. Rim HJ, Park HY, Kim SJ, Lee SH (1980) Morphological observations on
Clonorchis sinensis obtained from rats treated with praziquantel. Korean J Parasitol
21: 192-198.

20. Mehlhorn H, Kojima S, Rim HJ, Ruenwongsa P, Andrews P, et al. (1983)
Ultrastructural investigations on the effects of praziquantel on human
trematodes from Asia: Clonorchis sinensis, Metagonimus yokogawar, Opisthorchis
viverrini, Paragonimus westermani and Schistosoma japonicum. Arzneimittelforschung
33: 91-98.

21. Cho SY, Song KY, Rah BJ (1983) Lipofuscin pigment in adult Clonorchis sinensis.
Korean J Parasitol 21: 32-39.

22. Sithithaworn P, Tesana S, Pipitgool V, Kaewkes S, Pairojkul C, et al. (1991)
Relationship between faecal egg count and worm burden of Opisthorchis viverrini in
human autopsy cases. Parasitology 102: 277-281.

23. Komiya Y, Suzuki N (1964) Progress of medical parasitology in japan. Tokyo:
Meguro Parasitological Museum. 1: 553-600.

24. Seo BS, Lee SH, Chai JY, Hong ST (1983) Praziquantel (Distocide®) in

treatment of Clonorchis sinensis infection. Korean ] Parasitol 21: 241-245.

October 2011 | Volume 5 | Issue 10 | 1339



