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Mixed Infection of Zoonotic Foodborne Trematodes and Intestinal Nematodes in a Community
in Southern Lao PDR
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ABSTRACT
Southern part of Lao PDR is a known endemic area of foodborne zoonotic trematode including
Opisthorchis viverrini but coexisting intestinal parasites are also present. This study aimed to examine a
comprehensive pattern of endemic parasites in the community in Savannakhet Province, Lao PDR by using formalin-
ethyl acetate concentration and agar plate culture technique for fecal examination. The results revealed that
hookworm was predominant with 74% prevalence followed by Opisthorchis-like eggs or foodborne zoonotic
trematodes (FZT) 62% and Strongyloides stercoralis 20%. The findings demonstrated that in addition to FZT, soil-

transmitted nematodes are a significantly neglected tropical disease in Southeast Asia.
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Introduction

Foodborne zoonotic trematodes (FZT) and
intestinal nematodes are common in tropical areas.
Among FZT, the liver fluke, Opisthorchisviverrini is
endemic in Southeast Asia, including Thailand, Lao
People’s Democratic Republic (Lao PDR), Vietnam
and Cambodia (WHO, 1995; Chai et al., 2005). While
infection with intestinal FZT causes mild pathology,
infection with the liver fluke (opisthorchiasis)
associated with hepatobiliary diseases, including
cholangitis, obstructive jaundice, hepatomegaly,
cholecystitis, cholelithiasis and cholangiocarcinoma
(Elkins et al., 1990; Sithithaworn et al., 1994;
Mairiang et al., 2012). Because of drug treatment, the
prevalence and intensity of parasitic infection such as
O.viverrini infection has been greatly reduced in
several endemic areas in Thailand (Jongsuksuntigul &
Imsomboon, 2003). In addition to current endemic
situation of low prevalence and intensity, the nature of
over dispersed distribution pattern of the parasite in
humans and people with light infection are
predominant in endemic communities. Therefore there
is need for more sensitive and specific diagnostic tests
as essential tools to support and facilitate a
surveillance and control of parasitic diseases in this
region.

Diagnosis of parasitic infection is typically
based on conventional parasitological methods, such
as formalin-ethyl acetate concentration technique
(FECT) or Kato Katz technique (KK). But
distinguishing opisthorchiid eggs from some FZT by
morphological criterion alone is difficult under light
microscopy because the shape and size of
haplorchiidae and opisthorchiid fluke eggs are very
similar (Giboda et al., 1991; Ditrich et al., 1992;

Radomyos et al., 1998; Sukontason et al., 2001).
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Mixed infections with O. viverriniand minute
intestinal flukes belonging to the Heterophyid
(Haplorchis taichui, Haplorchis yokogawai Haplorchis
pumilio, and  Echinochasmus  japonicus)  and
Lecithodendriidae (Phaneropsolus bonnei  and
Prosthodendrium molenkampi) families as well as soil
transmitted nematodes are common and have been
reported in Thailand and Lao PDR (Giboda et al., 1991;
Radomyos et al., 1998; Sukontason et al., 2001;
Chai et al., 2005; Waikagul & Radomyos, 2005).
Among alternative diagnostic methods, these included
serological tests based on enzyme-linked immunosorbent
assay (ELISA) for antibody detection are useful under
some situations but they cannot distinguish between
recent or past infection are often faced with problems
of cross reactivity with other parasites. Another
immunodiagnostic method based on faecal antigen
detection has been explored and is preferable since it
may reflect current rather than past infection
(Chaicumpa et al., 1992; Sirisinha et al., 1995). In
addition, positive antigen detection may be found in egg
negative cases of opisthorchiasis (Sirisinha et al., 1995).
A drawback of the copro-antigen detection technique
is that specific clone(s) of monoclonal antibody are
required in the test and they are not always available.
To date, conventional parasitological methods are
considered as gold standard and though their
reliabilities and accuracies are sometime questioned
(Johansen et al., 2010).

In Lao PDR, several previous studies have
shown that among FZT there are coexisting intestinal
helminthes such as minute intestinal flukes (MIF),
intestinal  nematodes e.g.  Ascaris,  trichuris,
hookworms and Strongyloides (Rim et al., 2003;
Chai et al, 2005; Sithithaworn et al., 2006). By

conventional diagnostic method such as formalin-ethyl



(]
Do

%
GRCo01s

Graduate Research Conference

acetate concentration technique (FECT), it is not
possible to distinguish O.viverrini and some MIF
particularly Haplorchis spp. Hence most studies from
Lao PDR as well as Vietnam reported findings of
O.viverrini-like or FZT egg and the actual prevalence
of each group of parasite is not clear. In addition,
coexisting intestinal nematode infection may be
overlooked due to low sensitivity of the diagnostic
method (Sithithaworn & Haswell-Elkins, 2003;
Sithithaworn et al., 2005). Suitable methods for
diagnosis of hookworms and Strongyloide, such as
agar plate culture technique (APCT) are rarely used in

community-based surveys.

Objectives of the study

In order to examine diversity of helminth
parasite endemic in southern Lao PDR, human stool
samples obtained from an endemic community in
Savannakhet Province, Lao PDR were analyzed by
using both FECT and APCT as diagnostic methods.
Specifically, the objectives were to obtain current
prevalence and intensity of FZT, hookworms,
Strongyloides stercoralis and other parasite such that
effective long term strategy for prevention and control

can be designed and implemented.

Methodology

The sample population originated from a
endemic community at Thatinghan villages in
Savannakhet Province, Lao PDR. Fecal samples were
originally collected by Ms Saycocie and coworkers for
a study on status of parasitic infection and their
relationship with eosinophilia and leukocytosis in an
endemic community in Savannakhet Province, Lao

PDR (Saycocie, 2007). The study protocol of this
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study was approved by the ethical research committee
on human, Khon Kaen University (4.2.09: 7/2550).

Analyses of fecal samples were done by
FECT following the protocol previously described
(Elkins et al., 1990). By morphological criterion,
O.viverrini is indistinguishable from Haplorchis sp
(hence considered here as FZT) but can be
differentiated from Phaneropsolus bonnei and
Prosthodendrium molenkampi (Kaewkes et al., 1991).
For FZT, the number of eggs per gram of feces (EPG)
was calculated by the formula below.

EPG =nV/Vw

n = number of eggs

v = number of drops examined

V = total volume of sediment in drops

W= weigh of faeces in gram

For APCT, the technique is highly effective
for coprologocal diagnosis of human strongyloiasis
and the procedure employed here followed the
description originally described (Koga et al., 1991,
Sithithaworn & Haswell-Elkins, 2003). Essentially, the
fecal specimen (4 g) was placed on the agar plate
(1.5% agar), sealed the plate with parafilm and let
alone for 2-4 days at room temperature. The plates
were washed with 10% formalin and pipette to the
centrifuge tube for examination of the parasites in the
sediments. The characteristic morphology of various
free-living stages of S. stercoralis as well as
hookworms were identified and recorded.

Data obtained were kept in Excel and
subsequently analyzed by SPSS. The distributions of
data were assessed for their normality prior to
statistical analysis and data transformations were
performed when necessary. Statistical tests were

considered significant when p-value was less than 0.05.
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Results

Characteristics of sample population

Two hundred and thirty-four fecal specimens
analyzed in this study were originally collected from
people living in Savannakhet Province, Lao PDR. The
age and sex distribution of the sampled subjects were
shown in Table 1. The subject age ranged between 17
to 92 years and the overall mean of age was 44 years
with 92 (39.3%) and 142 (60.7%) were males and

females, respectively.

Table 1 Characteristics of subjects whose stool

samples were recruited in this study

MMP6-4

1 cases). The overall parasitic infection rate was 87.6%
and mixed infection with more than one species of
parasite was 63.2%.

Analyses of infections by sex revealed that
there were slightly more infection in females than
males for O.viverrini-like infection, hookworms and
Strongyloides while there more infection in male for

Ascaris (Figure 1).

Table 2 Prevalence of parasitic infection within the
sample population determined by FECT

and APCT (n=234)

(n=234)
Sex
Age group
N Male Female
11-20 31 18 13
21-30 21 5 16
31-40 63 18 45
41-50 46 23 23
51-60 35 16 19
> 60 38 12 26
Total 234 92(393%) 142 (60.7%)

Prevalence of parasitic infection

The prevalence of parasite infection as
determined by FECT and APCT was shown in Table
2. The prevalence of infection within the sample
population by order were hookworms (74.8%, 175
cases), O. viverrini-like egg (62.4%, 146 cases),
Strongyloides stercoralis (20.9%, 49 cases), Taenia
spp. (11.1%, 26 cases), Ascaris lumbricoides (10.7%,
25 cases), Trichuris trichiura (2.1%, 5 cases), Minute
intestinal  flukes (2.1%, 5 cases), Enterobius

vermicularis (0.4%, 1 case) , Echinostomes spp (0.4%,

822

Parasite n (%)
Hookworm spp.* 175 (74.8)
Opisthorchis viverrini-like egg 146 (62.4)
Strongyroides stercoralis* 49 (20.9)
Taenia spp. 26 (11.1)
Ascaris lumbricoides 25(10.7)
Trichuris trichiura 5(2.1)
Phaneropsolus bonnei 4(1.7)
Prosthodendrium molenkampi 1(0.4)
Enterobius vermicularis 1(0.4)
Echinostome spp. 1(0.4)
Single species infection 57 (24.4)
Multiple species infection (2-6 species) 148 (63.2)
Total parasitic infection 205 (87.6)

*Hookworm spp and S. stercoralis infection were combined

from APCT and FECT
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Figure 1 Sex-related prevalence of parasitic infection
within the sample population determined by
FECT (n = 234). HW= Hookworm spp, OV-
like = O. viverrini like egg or FZT, SS =
Strongyloides stercolaris, Taenia = Taenia
spp, AlL=Ascaris  lumbricoides, TT=
Trichuris trichiura, PB = Phaneropsolus
bonnei, PM= Prosthodendrium molenkampi,
EV=  Enterobius vermicularis and
Echino=Echinostomes. Hookworm spp and
S. stercoralis infection were combined from

APCT and FECT

Age-sex prevalence and intensity of
O.viverrini-liked or FZT infection

The prevalence of infection peaked at age
group 31-40 years and then declined as age increased
while the intensity were similar between age groups
and in males and females (Figure 2).

The frequency distribution of O. viverrini-
like infection classified according to egg per gram
faeces (EPG) were divided in 4 groups (Table 3). The
first group was egg negative, group 2 was 1-500 EPG,
group 3 was 501-1500 EPG and the last group was
greater than 1500 EPG. The frequency distribution and

mean EPG in each intensity class were shown in Table
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3. The mean EPG of egg-positive sample was 667.5

EPG. Range of OV-like eggs were 7-24,004.

100, FZT l Male
[ Female

801

601

% prevalence of FZT

20

11-20 3140  41-50
Age

51 W Male
O Female

intensity of log EPG

11-20

Age

Figure 2 Age-sex prevalence of food borme zoonotic
trematode (A) and intensity of infection (B) in
the sample population from Savanakhet
Province grouped according to age and sex of

subject
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Frequency distribution of subjects grouped A

1004 Hookworm B Male

according to intensity of O. viverrini-like
[ Female

infection (EPG) and the average, standard

deviation and range of infection intensity

Group  No. Intensity Mean EPG Range

% prevalence of hookworm

(£SD) (Min-Max)

11-20 21-30 31-40 41-50

1 88 0 0 0 Age
B
2 108 1-500 103.1 7-479
59 W Male
(il 17.4) B Female
Q 4
3 22 501-1500 911.5 504-1484 ]
g3
(£349.5) s
2
4 16 >1500 4142.1 1674-24006 % 2
E
(£5444.8) 1
Total 234 667.5 o
1120 2130 3140 4150 5160  >60
(£2161.7) Age

Figure 3 Age-sex prevalence of hookworms (A) and
Prevalence and intensity of hookworms

intensity of infection (B) in the sample
The prevalence of hookworms had no

population from Savanakhet Province
apparent relation with age and males had slightly more

] o grouped according to age and sex of subjects
prevalence than females (Figure 3). Similarly the
intensity of infection showed an age-related pattern

o . L Table 4 Frequency distribution of subjects grouped
with significantly lower intensity in the group of 21-30

(p<0.05) according to intensity of hookworm infection
year (p<0.05).

L (EPG) and the average, standard deviation
Frequency distribution of hookworms had a

. . . . L . and range of infection intensity
typical over dispersion pattern with high intensity

(epg>1500) occurring in 10 out of 234 individuals Growp No. Intensity Mean EPG Range

(4.2%) (Table 4). (+SD) (Min-Max)

1 65 0 0 0

2 131 1-500 153.2 8-494
(+137.4)

3 28 501-1500 852.0 542-1484
(£259.5)

4 10 >1500 2240.6 1560-4142
(£783.1)

Total 234 392.5

(+£584.3)
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Prevalence and intensity of Strongyloides
stercoralis

Similar to hookworms, the prevalence of
S.stercoralis changed varied very little with age
(Figure 4). Males had significantly higher prevalence
than females (p<0.05). There was no pattern of age-

related intensity of infection (data not shown).

1004

SS B Male
@ Female
w 801
7]
-
°
3 604
£
2
g
3 401
a
2
201
1120 2130 3140 4150 51-60 >60
Age

Figure 4 Age-sex prevalence of S. stercolaris in the
sample population from Savanakhet Province

as determined by FECT and APCT

Discussion and Conclusions

Control of neglected tropical diseases
requires appropriate diagnostic tests and their
efficacies depend on the purpose of the control
program (Bergquist et al., 2009). In a period of post
chemotherapy or surveillance, high specificity and
sensitivity methods other than the conventional
diagnosis is needed. By using FECT and APCT, the
result observed in this study were quite different from
others. Hookworm was the most common helminth
with prevalence of 74.8% followed by O.viverrini-like
eggs or FZT (62.4%). Stronyloides (20%) was the
second most common intestinal nematode parasite
while Ascarisand Taenia had similar prevalence of
infection (10-11%). Within the O.viverrini-like eggs,

there could be O.viverrini and other minute intestinal
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flukes similar to those reported earlier (Chai et al., 2009).
Regarding the intensity of O.viverrini-egg infection,
the distribution pattern was similar to other helminths
for the over dispersed pattern. The trends for age-sex
related prevalence for hookworms and O.viverrini-like
eggs were almost the same in all age groups. These
patterns indicated persistent exposure to infection and
extensive transmission in the study area. The results
from this study also indicated that by using APCT,
hookworms were discovered as the most common
parasite other than O.viverrini-like or FZT. Mixed
infection between either hookworms or other intestinal
nematodes such as S.stercoralisis common in this part
of the world. Previous large survey in Lao PDR using
Kato-thick smear method revealed that the cumulative
egg positive rate for intestinal helminths was 61.9%
and Ascaris lumbricoides was 34.9%, hookworm
19.1%, Trichuris trichiura 25.8%, Opisthorchis
viverrini 10.9% (Rim et al., 2003). Another earlier
study in Lao PDR also reported relatively lower
prevalence of hookworm (28%) and S. stercoralis
(19%) even using APCT for diagnosis (Vannachone et
al., 1998). Thus apart from endemicity level, the
diagnostic method also influenced transmission rates
of the parasites i.e. FZT and intestinal nematodes.

For multiple drug treatment for example
using praziquantel and albendazole there is need to
carefully monitor their efficacies. In particular,
treatment of S. stercoralis required special attention
to avoid complication in immunocompromised
individuals and that a 5 day course of albendazole
is recommended and repeated doses may be
needed in cases with treatment failure
(Suputtamongkol et al., 2011). In addition, unlike a

single dose treatment as for praziquantel, a 5 daily
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dose treatments for albendazole is at risk of low
compliance in the field and poses problems for control.

The findings of high prevalence of
hookworms and also OV-like egg or FZT are not
unexpected in this part of Southeast Asia. The question
remains, however, to confirm the actual proportion of
O.viverrini eggs among FZT. Since O.viverrini is a
carcinogenic liver fluke and may cause serious cancer
later on in life, it is important to accurately measure its
prevalence so that curative treatment can be given.
Separation and identification of O.viverrini eggs
requires molecular or immunological diagnostic
procedures (Johansen et al., 2010) which may not be
practical in the point of care setting or remote
community. Therefore, a simplified, economic priced
test kit for detection of O.viverrini within FZT-positive
individuals is still needed. Conventional methods such
as FECT and APCT are still needed as basic tools prior
to a more modern technique to combat neglected
tropical diseases in Southeast Asia and other parts of

the world.

Acknowledgements
We thank Prof Ross Andrews, Visiting
International Professor Program, Faculty of Medicine,

Khon Kaen University for editorial assistance.

References

Bergquist R, Johansen MV, Utzinger J. Diagnostic
dilemmas in helminthology: what tools to
use and when? Trends Parasitol 2009; 25(4):

151-6.

826

MMP6-8

Chai JY, Park JH, Han ET, et al. Mixed infections
with Opisthorchis viverrini and intestinal
flukes in residents of Vientiane Municipality
and Saravane Province in Laos. J Helminthol
2005; 79(3): 283-9.

Chai JY, Han ET, Shin EH, et al. High prevalence of
Haplorchis taichui, Phaneropsolus
molenkampi, and other helminth infections
among people in Khammouane province,
Lao PDR. Korean J Parasitol 2009; 47(3):
243-7.

Chaicumpa W, Ybanez L, Kitikoon V, et al. Detection
of Opisthorchis viverrini antigens in stools
using specific monoclonal antibody. Int J
Parasitol 1992; 22(4): 527-31.

Ditrich O, Giboda M, Scholz T, Beer SA.
Comparative morphology of eggs of the
Haplorchiinae (Trematoda: Heterophyidae)
and some other medically important
heterophyid and opisthorchiid flukes. Folia
Parasitol (Praha) 1992; 39(2): 123-32.

Elkins DB, Haswell-Elkins MR, Mairiang E, et al. A
high frequency of hepatobiliary disease and
suspected cholangiocarcinoma associated
with heavy Opisthorchis viverrini infection
in a small community in north-east Thailand.
Trans R Soc Trop Med Hyg 1990; 84(5):
715-9.

Giboda M, Ditrich O, Scholz T, Viengsay T,
Bouaphanh S. Current status of food-borne
parasitic zoonoses in Laos. Southeast Asian J
Trop Med Public Health 1991; 22 Suppl:

56-61.



@

o%
GRCi3

g Graduate Research Conference

Johansen MV, Sithithaworn P, Bergquist R, Utzinger
J. Towards Improved Diagnosis of Zoonotic
Trematode Infections in Southeast Asia. Adv
Parasitol 2010; 73: 171-95.

Jongsuksuntigul P, Imsomboon T. Opisthorchiasis
control in Thailand. Acta Trop 2003; 88(3):
229-32.

Kaewkes S, Elkins DB, Sithithaworn P, Haswell-
Elkins MR. Comparative studies on the
morphology of the eggs of Opisthorchis
viverrini and lecithodendriid trematodes.
Southeast Asian J Trop Med Public Health
1991; 22(4): 623-30.

Koga K, Kasuya S, Khamboonruang C, et al. A
modified agar plate method for detection of
Strongyloides stercoralis. Am J Trop Med
Hyg 1991; 45(4): 518-21.

Mairiang E, Laha T, Bethony JM, et al
Ultrasonography assessment of hepatobiliary
abnormalities in 3359 subjects with
Opisthorchis viverrini infection in endemic
areas of Thailand. Parasitol Int 2012; 61(1):
208-11.

Radomyos B, Wongsaroj T, Wilairatana P, et al.
Opisthorchiasis ~ and  intestinal  fluke
infections in northern Thailand. Southeast
Asian J Trop Med Public Health 1998; 29(1):
123-7.

Rim HJ, Chai JY, Min DY, et al. Prevalence of
intestinal parasite infections on a national
scale among primary schoolchildren in Laos.

Parasitol Res 2003; 91(4): 267-72.

827

MMP6-9

Saycocie P. Status of parasitic infection and their
relationship ~ with eosinophilia  and
leukocytosis in an endemic community in
Savannakhet province, Lao PDR. Master's
dissertation, Department of medical science,
University of Khon Kaen, Thailand 2007.

Sirisinha S, Chawengkirttikul R, Haswell-Elkins MR,
Elkins DB, Kaewkes S, Sithithaworn P.
Evaluation of a monoclonal antibody-based
enzyme linked immunosorbent assay for the
diagnosis of Opisthorchis viverrini infection
in an endemic area. Am J Trop Med Hyg
1995; 52(6): 521-4.

Sithithaworn J, Sithithaworn P, Janrungsopa T,
Suvatanadecha K, Ando K, Haswell-Elkins
MR. Comparative assessment of the gelatin
particle agglutination test and an enzyme-
linked immunosorbent assay for diagnosis of
strongyloidiasis. J Clin Microbiol 2005;
43(7): 3278-82.

Sithithaworn P, Haswell-Elkins MR, Mairiang P, et al.
Parasite-associated morbidity: liver fluke
infection and bile duct cancer in northeast
Thailand. Int J Parasitol 1994; 24(6):833-43.

Sithithaworn P, Haswell-Elkins M. Epidemiology of
Opisthorchis viverrini. Acta Trop 2003;
88(3): 187-94.

Sithithaworn P, Sukavat K, Vannachone B, et al.
Epidemiology of food-borne trematodes and
other parasite infections in a fishing
community on the Nam Ngum reservoir, Lao
PDR. Southeast Asian J Trop Med Public

Health 2006; 37(6): 1083-90.



®
Do

e
GRCSs

% Graduate Research Conference

Sukontason KL, Sukontason K, Piangjai S, Pungpak S,
Radomyos P. Prevalence of Opisthorchis
viverrini infection among villagers harboring
Opisthorchis-like eggs. Southeast Asian J
Trop Med Public Health 2001; 32 Suppl 2:
23-6.

Suputtamongkol Y, Premasathian N, Bhumimuang K,
et al. Efficacy and safety of single and double
doses of ivermectin versus 7-day high dose
albendazole for chronic strongyloidiasis. PLoS
Negl Trop Dis 2011; 5(5): e1044.

Vannachone B, Kobayashi J, Nambanya S, Manivong
K, Inthakone S, Sato Y. An epidemiological
survey on intestinal parasite infection in
Khammouane Province, Lao PDR, with
special reference to Strongyloides infection.
Southeast Asian J Trop Med Public Health
1998; 29(4): 717-22.

Waikagul J, Radomyos P. Intestinal trematode
infections in Thailand. . Asian Parasitology
Foodborne Helminthiasis Chiba, Japan:
Chiba University Graduate School of
Medicine, Federation of Asian
Parasitologists 2005; 1: 103-11.

WHO. Control of foodborne trematode infections.
Report of a WHO Study Group. World
Health Organ Tech Rep Ser 1995; 849:

1-157.

828

MMP6-10





