
Seasonal variation of Opisthorchis viverrini
infection in cyprinoid fish in north-east Thailand:
implications for parasite control and food safety
P. Sithithaworn,1 V. Pipitgool,1 T. Srisawangwong,1 D.B. Elkins,2 &
M.R. Haswell-Elkins3

Reported is the seasonal pattern of Opisthorchis viverrini metacercariae in cyprinoid fish in north-east
Thailand. Samples of fish were collected in 1991-92 at monthly intervals from two areas - Khon Kaen
Province, where the opisthorchiasis transmission rate was high, and Mahasarakham Province, where the
rate was low.

Metacercarial loads in both study areas had similar seasonal pattems. High burdens occurred in the late
rainy season and winter (July to January) with low burdens during the summer (March to June). The average
burden for Puntius leiacanthus in Khon Kaen was 1.68 metacercariae per fish (127.43 per kg), higher than
for all species of cyprinoid fish from the low transmission area. The intensities of infection among P.
leiacanthus and Cyclocheilichthys armatus collected in Mahasarakham were comparable, but lower than
the intensity of Hampala dispar (0.75 metacercariae per fish) concurrently sampled from the same area
(P < 0.05). There was no significant difference in metacercarial load per kg between fish species from
Mahasarakham. The results indicate that seasonal variation in metacercariae was a common phenomenon
in areas with both high and low endemicity of infection. Also, the metacerarial load in fish was positively
associated with infection levels among humans.

Introduction
Foodborne trematode infections are important in
Asia and some parts of Europe, and affect at least
17 million people (1). Opisthorchis felineus affects
about 1.5 million in the former Soviet Union (2).
Clonorchis sinensis is found in the southern part of
Asia, in China, Republic of Korea and Viet Nam,
while 0. viverrini is confined to Thailand, the Lao
People's Democratic Republic and Cambodia (1); in
Thailand alone, 7-9 million people are infected by
0. viverrini, most of whom live in the north-east
region (3). Widespread infection in humans occurs
by ingestion of raw or undercooked cyprinoid fish
containing metacercariae. After ingestion of the
metacercariae, the worms excyst and migrate into
the biliary system causing considerable morbidity;
they have been implicated in the etiology of chol-
angiocarcinoma (4, 5). In north-east Thailand, the
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incidence of cholangiocarcinoma is frequently high
in communities with heavy 0. viverrini infection (6).

Transmission of 0. viverrini from humans to fish
via snails is the net result of a complex interplay
between hosts and parasites that is invariably regu-
lated by seasonal environmental conditions, espe-
cially water temperature and the duration and
amount of rainfall (7). Since the investigation by
Vichasri et al. (8), there has been no comparable
study to confirm the pattern of seasonal variation
that they found and determine how representative
are their findings for water bodies in north-east Thai-
land. Moreover, the pattern of seasonal variation in
metacercarial intensity could be of considerable im-
portance in planning for parasite control since large-
scale community-based treatment should be given
when transmission is at its lowest in order to substan-
tially reduce the prevalence and intensity of human
infection. The present study was conducted to deter-
mine the seasonal variation of the density of 0.
viverrini metacercariae in cyprinoid fish in two reser-
voirs in communities with low and high 0. viverrini
infection in humans.

Materials and methods
Cyprinoid fish were caught in two reservoirs in
north-east Thailand. These reservoirs were chosen
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because cyprinoid fish were available all year round
in them and because they were located near commu-
nities with known levels of 0. viverrini infection. The
first reservoir is in Ban Non Sang, in Kosumpisai
District, Mahasarakham Province, where an inten-
sive national liver fluke control programme has been
carried out and is thus currently regarded as a low
transmission area (average infection rate, 29.7%;
average intensity, 54.2 eggs per g of faeces) (9). The
other reservoir is located at Kang La Wa, in Ban Pai
District, Khon Kaen Province, where the parasite
transmission, rate is high, as is the incidence of
cholangiocarcinoma in the surrounding communities
(6, 7, 10).

At weekly or fortnightly intervals, samples of
cyprinoid fish from these reservoirs were brought to
the laboratory. The fish were caught by local fisher-
men using nets stretched in the water overnight, the
trapped fish being collected the following morning.
At the laboratory, they were sorted by species and
the numbers and weights of each species group re-
corded. The body lengths and widths of the smallest
and the largest fish were noted to provide a range.
The metacercarial burden in each group of fish was
assessed as described elsewhere (11); briefly, each
group of fish was minced in an equal volume of nor-
mal saline and the homogenate was digested in
0.05% (w/v) pepsin in 0.01 mol/l hydrochloric acid in
a shaken water-bath at 37 °C for 1 hour. The digest
was then filtered through a series of metal sieves
of various pore sizes, and the final filtrate was
sedimented in conical jars with several changes of
saline. The sediment was then examined under a
dissecting microscope for metacercariae by experi-

Fig. 1. Seasonal variation in the average intensity
of Opisthorchis viverrini metacercariae in Puntius
leiacanthus from Khon Kaen Province, Thailand, dur-
ing the period January 1991 to October 1992.
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enced technicians. The metacercariae of 0. viverrini
were differentiated from those of other trematodes
and counted.

Results
Puntius leiacanthus was the only species of cyprinoid
fish caught in Khon Kaen, and had a pronounced
seasonal variation of metacercarial intensity - the
highest being from January to March 1991 and Octo-
ber 1991 to April 1992 (Fig. 1). Maximum intensities
of infection occurred during February and Decem-
ber 1991, while the minimum intensities occurred in
June 1991 and July 1992. The metacercarial density
per kg of fish body weight had comparable seasonal
patterns (Table 1).

Fig. 2. Seasonal variation in the intensity of
Opisthorchis viverrini metacercariae in cyprinoid fish
sampled in Mahasarakham Province, Thailand, during
the period November 1991 to December 1992: a)
Hampala dispar; b) Puntius leiacanthus; and c)
Cyclocheilichthys armatus.
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Table 1: Characteristics of Puntius leiacanthus sampled for determination of Opisthorchis viverrini metacercarial
density from Khon Kaen Province, north-east Thailand

Characteristic:

Width (cm) Length (cm)
Total weight Weight/fish Metacercariae

Year/month n (kg) (g) Min. Max. Min. Max. (cysts/kg)

1991
Jan. 628 10 15.92 2.5 3.5 8 11.5 154.80
Feb. 723 10 13.83 2.5 3.2 8.5 10.5 202.10
Mar. 1387 19 13.69 2.7 3.5 10 12 198.73
Apr. 578 10 17.30 2 3.5 8 12 80.00
May 396 7 17.67 2.5 3 8 1 1 97.28
June 1 209 14 11.57 2 3.5 7.5 11.5 26.14
July 769 10 13.00 2.5 3 8 1 1 70.00
Aug. 876 12 13.69 2 3.5 7 12 80.58
Sept. 728 10 13.73 2 2.5 8 1 1 72.80
Oct. 286 3.5 12.23 1.8 3 6 11.5 234.0
Nov. 665 10 15.03 2.5 3.5 9 1 1 131.60
Dec. 445 5 11.23 2 3 7.5 11 343.8

1992
Jan. 893 12 13.43 2 3 8 11 140.41
Feb. 642 8.3 12.92 2.5 3.3 9 1 1 95.66
Mar. 1 869 23.1 12.35 2 3.2 7 12 140.69
Apr. 5770 72.5 12.56 1.5 3 8 12 126.27
May 2058 40 19.43 2 3.5 7 11.5 46.47
June 2144 30 13.99 2.2 3 8 11.5 146.16
July 684 5.7 8.33 2.9 3.1 8 11 70.17
Aug. NAa
Sept. 1795 18.5 10.30 1.5 3.5 5.5 12 120.91
Oct. 2576 26 10.09 1.8 3.5 5.2 1 1 97.46

a NA = not available.

The average intensity of 0. viverrini meta-
cercariae (metacercariae per fish) among Hampala
dispar from Mahasarakham showed a similar sea-
sonal variation (Fig. 2). High intensities of infec-
tion occurred in the latter period of the rainy season
to winter, i.e. from August to January, while low
intensities of infection were found between summer
and the rainy season, i.e. from February to July. For
P. leiacanthus and Cyclocheilichthys armatus, the
densities of infection were generally lower than that
for H. dispar and the seasonal variation was less
obvious. However, the high and low densities of in-
fection occurred during similar periods to those in
H. dispar (Fig. 2). Detailed characteristics of each
cyprinoid species sampled at monthly intervals from
November 1991 to December 1992 are given in
Table 2.

Although a period of low metacercarial inten-
sity in fish was observed during June 1991 in Khon
Kaen and July 1992 in Mahasarakham, the period of
high infection intensity was slightly longer in Khon
Kaen (May 1991 to June 1992). Consideration of the
combined monthly data during the study period
(Table 3), indicates that P. leiacanthus from Khon
Kaen bore a significantly higher number of meta-

cercariae per individual fish (1.68) compared
to the other species (Student's t-test, P < 0.001).
In Mahasarakham, H. dispar had the highest inten-
sity of infection (0.75 metacercariae per fish), while
P. leiacanthus and C. armatus harboured lower
intensities of infection, (0.37 and 0.36 metacercariae
per fish, resp.) (Student's t-test, P < 0.001). When
the metacercarial burdens were adjusted for weight
of fish, P. leiacanthus from Khon Kaen had a higher
density of metacercariae than all species from
Mahasarakham (Student's t-test, P < 0.001). Similar
densities of infection were observed for all three spe-
cies of fish from Mahasarakham (Student's t-test,
P > 0.05), with the lowest density being for C.
armatus; P. leiacanthus and C. armatus were smaller,
both in size and weight, than H. dispar (Table 2).

Discussion
This study demonstrates that the seasonal variatiop
of 0. viverrini infection in cyprinoid fish, previously
described by Vichasri et al. (8), occurs in both low
and high transmission areas in north-east Thailand.
Nevertheless, variation in the intensity of infection
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Table 2: Characteristics of cyprinoid fish sampled for determination of Opisthorchis viverrini metacercarial
density from Mahasarakham Province, north-east Thailand

Characteristic:

Width (cm) Length (cm)
Total weight Weight/fish Metacercariae

Year/month n (kg) (g) Min. Max. Min. Max. (cysts/kg)

Hampala dispar
1991

263 1 0
299 8.8

406
242
238
417
100

1 237
302
240
180
549
372
116

13
8
9
7
2
24
5
3.5
6
7.7
6.9
4.2

38.02
29.43

32.01
33.05
37.81
16.78
20
19
16.55
14.58
33.33
14.02
18.54
36.20

2 5.2 8.7 23
2 4.5 9 19

5.5
5
4
4
3.5
5.5
5
4
4
5.5
3.1
3

11
15
13
9
8
8.5
9
8.5
8
8
8.5
9

2.4
3.8
3
2
2
2
2
2
2
2
1.9
2

21.5
20
18
17
14
19
21
15.5
15.5
19
14
11

36.90
43.06

42.15
28.37
24.33
18.00
13.00
5.66
5.60

69.71
27.50
38.83
28.98
23.57

Puntius leiacanthus
1991
Nov.
Dec.

1992
Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

631
507

148
NAa
NA
1 201
173
158
391
166
166
330

1 247
604

Cyclocheilichthys armatus
1991
Nov. 170
Dec. 282

1992
Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

158
NA
NA
136
219
36
44

NA
45
102

NA
NA

5.2
5.8

2

11
2
1.9
4
2.5
2.5
4.6

13.1
5.8

1.8
4

2.5

2
6
0.7
1

1.5
1.7

8.24
11.43

13.51

9.15
11.56
12.02
10.23
15.06
15.06
13.93
10.56
9.6

10.58
14.18

15.82

14.70
23.39
19.44
22.72

33.33
16.66

2 4 8.3 15.5
2.4 3.5 8.5 11

2

2.3
2
NA
2
1.8
2.2
2
NA
2.5

2.9

3.5
3
NA
3
3.2
4.7
5.5
NA
3

7.5

8
7.5
NA
8.5
7
8
8
NA
11

10.9

1 1
9.5
NA
10
11.5
14
19
NA
13

2.1 3.9 7.5 15
2 3.5 8.5 12

NA

2
2.5
2
2

2
2.5

NA

4
4
4
3

3.7
4.7

NA

10
9
7.5
8.5

6
7

NA

15
14
14.5
10

14.5
15

a NA = not available.
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Dec.

1992
Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

54.61
33.96

10.5

8.90
2.0
5.78

25.0
96.0
7.2

73.04
24.96
22.41

22.77
22.75

17.20

23.50
0.50
7.14

31.0

8.66
55.88
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Table 3: Summary statistics of sample characteristics of cyprinoid fish and average burden of Opisthorchis
viverrini metacercariae

Mean metacercariae
Total weight No. of Mean fish weight

Species No. of fish (kg) monthly samplings (g/fish) cysts/kg cysts/fish

Khon Kaena
Puntius leiacanthus 27121 356.6 21 13.44 ± 2.6 127.43 ± 72.10 1.68 ± 0.87

Mahasarakhamb
Hampala dispar 4961 115.1 14 24.60 ± 9.28 28.17 ± 16.89 0.75 ± 0.44
Puntius leiacanthus 5722 60.4 12 11.69 + 2.28 30.36 + 29.62 0.37 ± 0.43
Cyclocheilichthys armatus 1 192 21.2 9 19.43 ± 7.21 21.04 ± 16.23 0.36 ± 0.28

a January 1991-October 1992.
b November 1991-December 1992.

for the same species of fish captured in different
areas is probably a consequence of variations in
environmental conditions, such as the local levels
of human and snail infections. The higher average
intensity of infection in P. leiacanthus from Khon
Kaen (1.68 metacercariae per fish) than in samples
from Mahasarakham (0.37 metacercariae per fish)
corresponds to the levels of endemicity among hu-
mans in these two areas. The higher intensity of
infection among H. dispar than among the other spe-
cies of fish suggests that larger host body mass is
probably an advantage for the parasite, i.e. more
easily targeted by the cercariae. It is interesting to
note that, for the metacercarial load by weight of
fish, smaller fish, i.e. P. leiacanthus and C. armatus
are equally as efficient carriers of metacercarial
loads as the larger H. dispar.

The digestion technique employed facilitated
the extraction of metacercariae from large quantities
of fish and as a result several thousand fish could
be processed together within a few days. Since fish
were not individually digested for parasite deter-
minations, the data on the intensity of infection
acquired monthly describe the average number of
metacercariae isolated from a pool of infected and
uninfected fish. The summary statistics in Table 3
represent the monthly variation of metacercarial
burden. The frequency distribution of metacercariae
in individual fish, which is highly dispersed (8, 12),
was not investigated in the study.

The underlying process that perpetuates the
observed seasonal pattern of metacercarial abun-
dance in cyprinoid fish is still not fully understood.
Faecal contamination of the study reservoirs is prob-
ably greatest during the early part of the rainy sea-
son, owing to run-off drainage, and coincides with
the rapid increase in snail populations. After reach-
ing water, Opisthorchis miracidia in the eggs must
fully mature in the water before being ingested by
the snail intermediate host (13, 14). The prepatent

period of infection before cercarial release is
approximately 8 weeks (13). The life span of
the cyprinoid fish and/or survival of the encysted
metacercariae is probably not longer than one year
(7). The seasonal variation observed is a result
of these and other undetermined environmental
factors.

Studies by Upatham et al. (15), Sornmani et al.
(16) and Saowakontha et al. (17) have demonstrated
that reinfection varies after praziquantel treatment.
Moreover, following treatment most reinfected indi-
viduals harbour low worm burdens for some time;
thus a considerable proportion is unlikely to be diag-
nosed by conventional egg examination techniques
(18). The optimal time for undertaking a large-scale
community-based control programme is when the
probability of rapid reinfection is lowest and the
prevalence and intensity of infection in people high-
est, i.e. April-June or the summer months (19). At
this time, the intensity of metacercariae in cyprinoid
fish reaches is lowest level and they are less likely to
transmit the infection. This study has provided addi-
tional information that can be incorporated into the
development of a Hazard Analysis Critical Con-
trol Point (HACCP) approach, as recommended by
WHO and FAO (20). Such an approach integrates
parasite control, environmental management, health
education and food safety, and promises to be both
affordable by endemic countries and highly effective.
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Resume
Variations saisonnieres de l'infestation
des cyprinides du nord-est de la
Thallande par Opisthorchis viverrini:
incidences sur la lutte contre le parasite
et la salubrite des aliments
Le pr6sent article analyse les variations saison-
nieres de l'infestation des cyprinides du nord-est
de la Thallande par Opisthorchis viverrini. Les
metacercaires ont e recherches par la technique
de digestion en presence de pepsine sur des
poissons recueillis mensuellement dans des lacs
de la province de Khon Kaen ou la transmission
de l'opisthorchiase est 6levee, et de la province de
Mahasarakham ou elle est faible. L'intensite de
l'infestation presente de fortes variations saison-
nieres dans les deux regions 6tudi6es: elle est
elevee de la fin de la saison des pluies jusqu'a
l'hiver (juillet a janvier) et faible en e (mars a
juin).

Parmi les cyprinid6s examines, ceux de
l'espece Puntius leiacanthus recueillis dans un lac
de la region a forte transmission presentaient une
charge parasitaire moyenne de 1,68 metacercaire
par poisson (127,43 m6tacercaires par kg), nette-
ment plus 6levee que dans la r6gion a faible
transmission (P < 0,001); dans un lac de la r6gion
a faible transmission, les charges parasitaires
moyennes pour P. leiacanthus et Cyclocheilichthys
armatus 6taient respectivement de 0,37 et 0,36
m6tacercaire par poisson (30,36 et 21,04 par kg).
L'intensit6 de l'infestation (0,75 m6tacercaire par
poisson) 6tait plus elev6e chez Hampala dispar
(poisson relativement gros) que chez les deux
autres especes (P < 0,05), mais la densit6 etait
comparable (28,97 metacercaire par kg, P > 0,05).
L'intensite de l'infestation des cyprinides par les
metacercaires pr6sente une corr6lation positive
avec le niveau d'infestation parasitaire chez
l'homme.

L'article examine l'incidence des facteurs
saisonniers sur la transmission d'O. viverrini de
l'homme au poisson et propose de tenir compte des
variations saisonnieres de l'intensit6 de l'infestation
des poissons dans la conception des programmes
communautaires de lutte contre la douve du foie.
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