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Abstract: Objectives: Human T cell leukemiavirus type-l (HTLV-I) is a causative agent of human T-cell leukemia
and HTLV-l associated myelopathy (HAM/TSP). HTLV-I carriers are often infected verticaly, especialy via
mother’s milk. Since 1985, clinical measures have been adopted at a hospital in Okinawa to prevent vertical infec-
tions.

Methods: We examined HTLV-I antibodies in al of the women (total 11,506) who gave birth after 24 gestational
weeks at a hospital on the Okinawa main island from January 1985 to December 1999.

Results: The positive rate among al pregnant women was always higher than that among primipara alone. Both fig-
ures decreased over the period studied, but the primiparity rate (36-39%) did not change significantly. The percent-
age of HTLV-I positive primipara pregnant women among the HTLV-I positive total was close to the primiparity
rate from 1985 to 1988, but it was considerably lower than the overall primiparity rate thereafter (22-26%).
Conclusions: Preventive measures against HTLV-I infection did not contribute to the decrease in HTLV-I positive
mothers before 1999 because these measures were adopted from 1985, and so there must be other reasons for the
decrease in HTLV-I positive rate. Further studies on socia factors and by year of birth are needed to identify factors
influencing HTLV-carrier ratios among pregnant women.
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INTRODUCTION

Adult T cell leukemia (ATL), which develops in hu-
man T cell leukemia virus | (HTLV-I) carriers [1], is en-
demic in severa regions of the world, including southwest-
ern Japan [2,3]. Routes of infection are vertical, the main
one, and horizontal [4]. Because there is no possibility of
developing ATL after horizontal infection of HTLV-I by

sexual intercourse, one of the best ways to reduce the mor-
bidity rate of ATL isto prevent vertical infection.

Vertical infection is transmitted primarily via mother’s
milk [5,6]. Thus, to prevent HTLV-I infection via this route,
freeze-thawing mother’s breast milk and other measures for
breast milk feeding have been instituted [7,8]. It is known
that these methods can prevent mother-infant infection, but
it is till too early to draw a conclusion if these preventive
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measures have contributed to a decrease in the carrier rates
in areas that instituted these measures.

The above measures have been applied clinicaly at a
hospital in Okinawa since 1985. Hospita records showed
that the youngest pregnant woman during the period of this
study, 1985-1999, was born in 1983. Hence, none of the
pregnant women were affected by the preventive measures.
An examination of the changesin HTLV-I carrier rates from
1985 to 1999 will help to shed light on the impact of the
clinical preventive effects of the feeding of freeze-thawed
mother’s breast milk and other measures, because the ef-
fects of these measures would have become apparent after
2000 when a baby born in 1985 became 15 years old. Thus
we examined HTLV-I antibodies in al of the pregnant
women who since 1985 gave birth at over 24 gestational
weeks at a hospital on the main island of Okinawain south-
western Japan, and we obtained interesting findings.

MATERIALSAND METHODS

Location and Population

Subjects were patients at the Toyama Obstetrical Gy-
necological Clinic in Ginowan City on the Okinawa main
isand in southwestern Japan (Fig 1). From Aprill 985 to
March 2000, atotal of 29,385 babies were born in this city,
and from January1985to December 1999, a total of 11,506
pregnant women gave birth at over 24 gestational weeks at
the hospital from which the data was collected.
Assay of serum antibodiesto HTLV-I

Ginowan

Figure 1. The location of Ginowan City on the Okinawa main
isand in southwestern Japan.

For particle agglutination (PA) assay and screening of
HTLV-1, peripheral blood was drawn from all pregnant
women after obtaining informed consent, and the results
were judged as either positive or negative. Samples judged

positive by PA were confirmed by the immuno-fluorescence
method using HTLV-I infected cell line MT-1 [9] originated
by Hinumaet a. [10] All HTLV-I positive pregnant women
were informed of the result, and before delivery they were
advised to institute feeding by artificial milk or freeze-
thawing of mother’s milk to their newborns.

RESULTS

From January 1985 to December 1999, a total of
11,506 pregnant women (4,259 primiparas) gave birth at a
gestational age of over 24 weeks a our hospital. Patient
characteristics are shown in Table |. The average age of
primipara pregnant women was 25.9+ 4.6, and that of al
pregnant women was 28.6+ 5.0. The HTLV-I positive rate
among all the pregnant women and among the primipara
pregnant women alone was studied (Figure 11). Though both
rates became lower over the term of the study, the positive
rate among all pregnant women was always higher than that
among primipara pregnant women.

Table Il showsthe analysis of HTLV-I positive rates by
birth years. The positive rate gradually decreased by birth
year, especialy in primipara pregnant women.

Figure 111 shows the changes in the overall primiparity
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Figure 3. Primipara rate among the total of al pregnant
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nant rate among the total of all HTLV-l positive
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Table I . Characteristics of pregnant women.

years 19850 1987 19880 1990 19910 1993 19940 1996 19970 1999
Primipara No. 1081 895 891 759 633
Aget SD 26.23+ 4.56 25.84+ 4.56 25.75+ 4.51 25.73+ 4.56 26.11+ 4.69
Multipara No. 2996 2487 2355 2025 1643
Aget SD 30.11+ 4.66 30.11+ 4.67 30.11+ 4.68 30.11+ 4.69 30.11+ 4.70
All women delivered at over 24 gestational weeks from January 1985 to December 1999
TableIl . HTLV-I positive rate among pregnant women by year of birth.
birth years 0 1954 195500 1959 | 19600 1964 | 196501 1969 | 19700 1974 19750
Primipara % of positive 4.81 4.32 3.45 2.57 1.40 0.32
positive/total 9/187 24/555 40/1159 32/1246 11785 1/312
Multipara % of positive 5.30 5.34 4,18 2.67 1.23 2.78
positive/total 55/1037 3/104 3/105 3/106 3/107 3/108

rate and the HTLV-I positive primiparity rate. The primipar-
ity rate tended to increase dightly within a range of 36.1-
38.5%. The primiparity rate of HTLV-I positive pregnant
women was close to the overall primiparity rate from 1985
to 1988, and then stabilized within 25.8-22.4%, consider-
ably lower than the primiparity rate, thereafter.

DISCUSSION

We reported the world’s first preventive measure
against HTLV-I, i.e. feeding by freeze-thawing of mother’'s
milk, and this measure and other prevention measures have
been adopted in Okinawa Prefecture since 1985 [8]. Now,
the preventive measures are evaluated [11,12], but that the
changes in HTLV-I positive rates among pregnant women
who were born before 1985 were not affected the preventive
measures for mother-infant infection.

In the present study, we examined the changes in
HTLV-I positive rate among pregnant women from 1985 to
1999. The positive rate among al pregnant women is clini-
caly, but, since the same mother might deliver more than
once at the same hospital, primipara pregnant women were
also examined to avoid any overlapping of positive indi-
viduals.

The positive rate among primipara pregnant women
and among all pregnant women decreased over time. The
positive rate among primipara pregnant women decreased
dramatically between 1985 and 1993, while the total posi-
tive rate began to fal rapidly about 3 years later, over the
period from 1988 to 1993.

The preventive measures against HTLV-I infection, i.e.
modified milk feeding and feeding by freeze-thawing of
mother’s breast milk, did not contribute to the decrease in
the HTLV-I positive rate among mothers who delivered be-
fore 1999 because these measures have been adopted only
since 1985. However, it is possible that the studies actually

affected the number of children born from women who
were HTLV-l positive, because women whose first child
was HTLV-I positive may have decided to avoid delivering
another child so as not to worry about further HTLV-I infec-
tion. Hence, we looked for changes in the primiparity rate
and its correlation with the percentage of primipara preg-
nant women among all HTLV-I positive pregnant women.

The percentage of primipara women among all HTLV-
| positive pregnant women was close to the primiparity rate
from 1985 to 1988 but was considerably lower than the
primiparity rate thereafter (22-26%), indicating a difference
between the pregnant women who delivered around 1988
and thereafter and those who delivered prior to this date.
The cohort effect does not significantly influence the de-
crease in positive rate, because if HTLV-1 positive women
avoid delivering a second child, the primiparity rate should
increase year by year, and the percentage of primipara preg-
nant women among the HTLV-l positive pregnant women
should also increase remarkably. However, there are many
possible reasons for a spontaneous decrease in the positive
rate.

Kashiwagi K. et al. [13] pointed to a decrease in the
number of mothers breast feeding and a shortening of the
breast-feeding period.

Socioeconomic changes in Okinawa and the improve-
ment of the health environment can aso be sited as reasons
for decrease in HTLV-l positive rate among pregnant
women.

The aim of this study was to ascertain the changes in
HTLV-I positive rates among pregnant women in Okinawa
prior to any effects of the introduction of measures to pre-
vent vertical transmission through breast milk feeding. We
found a decrease in HTLV-| positive rates among pregnant
women. In the further, we intend to evaluate the effects of
the measures introduced to prevent vertical transmission
through breast milk feeding in light of the results shown in
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this study. Further studies regarding social factors, and rates
by the year of birth, are needed to identify factors influenc-
ing HTLV-carrier rates among pregnant women.
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INHIBITION OF TRYPANOSOMA CRUZI GROWTH
IN MAMMALIAN CELLSBY NIMODIPINE,
WITH LOW CYTOTOXICITY TOHOST CELLS
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ABSTRACT: An in vitro infection system of Trypanosoma cruzi and Hel a cells was used to measure the anti-T.
cruz activities of various calcium antagonists classified into dihydropyridines, diphenylakylamines, and benzothi-
azepines and of alopurinol and benznidazole as medium and highly effective reference compounds, respectively.
Six dihydropyridines (10 #M each), i.e. nifedipine, nicardipine, nimodipine, nisoldipine, nitrendipine, and am-
lodipine, decreased the rates of infection of HeL a cells from 11.7% (control) to 5.8, 0.9, 1.2, 3.6, 5.9, and 1.7%, re-
spectively. Nicardipine and amlodipine were highly toxic to Hela cells, causing detachment of cells from cov-
erdips. Nimodipine was thus the most effective inhibitor tested against T. cruz infection in HeLa cells. Verapamil
and gallopamil (diphenylalkylamines), diltiazem and midazolam (benzothiazepines), and allopurinol (positive con-
trol) were less effective than nimodipine. 1Go values, the concentrations of compounds that elicited a 50% reduc-
tion in the infection rates of HelLa cells, were 2.5, 2.6, 1.3, 2.1, and 1.7 #M for nicardipine, nimodipine, am-
lodipine, verapamil, and benznidazole, respectively, while the values for nifedipine, diltiazem, and alopurinol were
much higher. Nicardipine, amlodipine, and verapamil again showed significant cytotoxicities to HelL.a cells. When
Swiss 3T3 fibroblasts replaced Hel a cells, nimodipine markedly lowered the host-cell-infection rate, with an 1Cx
value of 8.3 nM. Thus, nimodipine is expected to be a highly effective anti-T. cruz lead compound, with low cyto-
toxicity to mammalian cells. Structural formulas of nimodipine and nicardipine in relation to their low and high cy-
totoxicities, respectively, against Hel a cells are discussed.

Key Words: Trypanosoma cruz, calcium antagonist, nimodipine, dihydropyridine, growth inhibition

INTRODUCTION

Chagas' disease, the causative agent of which is a para-
sitic protozoan Trypanosoma cruz, affects about 17 million
people, and 25% of the population of Latin America is at
risk of acquiring this protozoan infection [1]. T. cruzi ex-
hibits two different pathogenic forms in mammalian hosts
[2,3]. The nondividing and infective trypomastigote form,
which possesses a flagellum, circulates in the bloodstream.
After invasion into host cells, the trypomastigote form
transforms into the amastigote form, which has no free fla-
gellum. The amastigote multiplies by binary fission in the
host cell cytoplasm and eventually transforms back to the
trypomastigotes, resulting in the breakdown of infected
cells and re-emergence in the circulation.

Nifurtimox and benznidazole are currently used for
chemotherapy of Chagas disease [1], but these drugs are
highly toxic, often leading to the discontinuation of the

therapy. An effective therapeutic agent with alow toxicity is
thus needed. To this end, we previously established a cul-
ture system of the host HelLa cellsinfected with T. cruzi and,
using this system, determined quantitatively the time
courses of the protozoan infection and proliferation [4,5].
This in vitro system also enabled us to examine purine and
pyrimidine analogs, including allopurinol, for their effica-
cies in inhibiting the rate of host cell infection by T. cruz
and the parasite growth inside the host cells [4].

Invasion into mammalian cells by T. cruz requires the
activation of signaling pathways and Ca" response both in
the parasite and in the host cell [6,7]. Application of this
knowledge to chemotherapy against experimental murine
Chagas' disease resulted in the amelioration of the acute
and chronic stages of T. cruz infection by verapamil, aCa"
antagonist of the diphenylalkylamine class[8,9], with no ef-
fect on the protozoan calcium homeostasis by nifedipine
[10], another C&™ antagonist of the dihydropyridine class.

Department of Molecular and Cellular Parasitology, Juntendo University School of Medicine, Hongo 2-1-1, Bunkyo-ku, Tokyo 113-8421, Japan
Y Corresponding author: Department of Molecular and Cellular Parasitology, Juntendo University School of Medicine, Hongo 2-1-1, Bunkyo-ku,
Tokyo 113-8421, Japan. Tel:+81-3-5802-1042, Fax:+81-3-5800-0476. E-mail address: tksaoki @med.juntendo.ac.jp
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We report here that the in vitro HeLa and T. cruzi infection
system is also useful for examination of various Ca" an-
tagonists for anti-T. cruz activities, and that nimodipine, a
second generation calcium antagonist of the dihydropyri-
dine class, markedly reduced the parasite infection and pro-
liferation in mammalian cells, with lower cytotoxicity
against the host cells. The effects of these (nifedipine-like)
dihydropyridines on parasite infection and proliferation in
other mammalian cells, i.e. fibrosarcoma HT 1080 and
Swiss 3T3 fibroblasts, were also examined in this study.

MATERIALSAND METHODS

Media and chemicals

Eagle’'s Minimum Essential Medium (MEM) and Dul-
becco Modified Eagle's Medium (DMEM) were obtained
from Sigma-Aldrich Japan. Fetal bovine serum (FBS) was
obtained from Daiichi Pure Chemicals, Tokyo, Japan. Diff-
Quick and HSR solutions (International Reagents Corp.,
Kobe, Japan) were used for staining cells infected with T.
cruzi and for embedding the stained specimens, respec-
tively. The following Ca"” antagonists were obtained from
Wako Pure Chemical Industries, Tokyo: nifedipine,
nicardipine hydrochloride, nisoldipine, nitrendipine, am-
lodipine besilate, gallopamil hydrochloride, and diltiazem
hydrochloride. Other Ca"” antagonists, i.e. nimodipine and
verapamil hydrochloride (Sigma-Aldrich) and midazolam
(F. Hoffmann-La Roche, Basel, Switzerland), were also
used. Allopurinol was obtained from Sigma-Aldrich and
benznidazole was kindly provided by F. Hoffmann-La
Roche. These compounds were dissolved in 50% ethanol
prior to the examination for anti-T. cruzi activity; the sol-
vent, the final concentration of which was adjusted to 1.0%,
did not significantly affect the protozoan infection in HeLa
cells. Other chemicals were commercial products of the
highest grade.

Parasite and mammalian cells

The Tulahuen strain of Trypanosoma cruzi and HeLa
cells, used as an in vitro host, were maintained and pas-
saged in cultures as described previously [4,5]. Briefly, the
human cancer cell ling, Hel a, and the infection complex of
the HelLa cells and T. cruzi [11]were successively subcul-
tured every 3 to 4 days at cell densities of 3-5 x 10'HelLa
cells per ml (total volume of 5 ml) in 25-cni’ plastic flasks.
Swiss 3T3 fibroblasts were provided by F. Hanaoka, Gradu-
ate School of Frontier Biosciences, Osaka University. This
cell line was subcultured every 3 days at an initia cell den-
sity of 3 x 10’ per ml (total volume of 5 ml) in DMEM con-
taining 10% FBSin 25-cnt’ plastic flasks [4]. HT 1080 cells,
a human fibrosarcoma cell line, were obtained from the Ja-

pan Health Sciences Foundation (Tokyo, Japan) and subcul-
tured as in the case of Swiss 3T3 cells [12]. Throughout the
present study, cell cultures were maintained in a humidified
incubator at 37°C and at 5% CQ, in air.

In vitro infection and addition of test compounds

Hel a cells were infected in vitro with T. cruz trypo-
mastigotes using a modification of the method described
previously [4,5]. A round coverdip (12 mm) was placed in
each well of the 24-well plate. Into these wells were added
the logarithmically growing HelLa cells (5 x 107/ml/well),
harvested from the preceding subcultures. After incubation
at 37C for 2 days, the cells were infected with T. cruz try-
pomastigotes (3 x 10’ parasites’'well) as described previ-
ously [4]. Within 24 hours after the infection the parasite in-
vasion appeared to be accomplished. The trypomastigotes
remaining in the medium were not removed in this study.

Each chemical compound tested for its inhibitory ef-
fect on the parasite infection and proliferation was added
immediately after the infection and was left in the medium
during the experiment. Similarly, Swiss 3T3 and HT 1080
cells were also infected with T. cruzi and examined effects
of the added compounds. Cytotoxicities caused by test com-
pounds against normal control host cells were estimated on
the basis of the decrease in cell number per microscopic im-
age (54 pmx 112 pm), using the above system of host cells
+T. cruz +test compound with an omission of T. cruz infec-
tion.

Determination of the rate of host-cell infection and parasite
proliferation

The method for determining the rate of infection by T.
cruzi of host cells was described in detail [4]. Briefly, host
cells attached onto the coverdlip were fixed and stained with
Diff-Quick in the well of a 24-well plate, then the coverdlip
was transferred upside down onto a dide glass, and the cells
were finally embedded in the HSR solution for observation
under a light microscope. The microscopic images of 54
p#mx 112 ¢m (see Fig. 3), taken by a conventiona digital
camera, were used for counting the number of total cells,
infected cells, and amastigotes per image. The percentage of
infected host cells containing more than one amastigote and
the mean number of amastigotes per infected cell were de-
termined by analyzing more than 200 host cells distributed
in four randomly chosen microscopic fields. The results
were statistically evaluated by the t test for small samples.
Differences between means giving a probability of less than
5% were considered significant.



RESULTS

Time course of effects of nimodipine on the rate of infection
of Hela cells and on the average number of amastigotes
per infected Hela cell

In a preliminary examination, nimodipine, a second
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Figure 1. Time course of effects of nimodipine on the rate of
Trypanosoma cruz infection of HeLa cells and on
the average number of amastigotes per infected
cell. Exponentially growing HeLa cells (5 x 10/
well) were inoculated in each well of 24-well
plates, cultured for 2 days, and infected with 3 x
10° trypomastigotes of the T. cruzi Tulahuen strain.
Immediately after the infection, 10 ¢M ni-
modipine, alopurinol or benznidazole was added.
The host-cell-infection rate (A) and the average
amastigote number per infected cell (B) were de-
termined every 24 hours as described in Materias
and Methods. Closed circle, control (no com-
pound added); open circle, 10 M alopurinol;
closed triangle, 10 #~M nimodipine; open triangle,
10 M benznidazole. Data shown are the meanst
1 SD of 3 separate determinations.

N

generation calcium antagonist of the dihydropyridine class,
markedly decreased the T. cruz infection and proliferation
in HeLacellsin vitro (data not shown). Accordingly, we de-
termined the effect of this compound on the time course of
the host-cell-infection rate and the average parasite (amas-
tigote) number per infected Hel a cell, using alopurinol and
benznidazole as a medium and a highly effective reference
compound, respectively (Fig. 1). In the control wells with
no added compound and with 1.0% ethanol as the solvent
control, the infection rate (Fig. 1A) and the average amas-
tigote number (Fig. 1B) were increased time-dependently
by day 5 and day 6, respectively. Addition of allopurinol re-
sulted in gradual increases, although generaly to a lesser
extent than the control, in the infection rate and the amas-
tigote number by day 6 and day 7, respectively. Nimodipine
did not appear to significantly lower the rate of T. cruz in-
fection of Hel a cells by day 2, with the decreased average
number of amastigotes per infected HelLa cell. Subse-
quently, however, particularly on day 4, we clearly observed
the differences in the rate of host cell infection among the
control, alopurinol-, nimodipine- and benznidazole-added
wells (Fig. 1A). Benznidazole, a drug currently used for
treatment of Chagas disease in Latin America, appeared to
be the strongest inhibitor for the infection rate of HelL.a cells
and the average amastigote number per infected cell. Tech-
nicaly, the infection rate and the parasite number on day 1
and 2 were sometimes variable, while on day 6 the infected
Hel a cells were often detached from the coverdlips during
the staining procedure. Unless otherwise stated, therefore,
the infection rate and the parasite growth were determined
on day 4 after the T. cruz infection and the addition of test
compounds.

Effects of various Ca”™ antagonists on the rate of infection
of HelLa cells and on the average number of amastigotes
per infected Hel.a cell

Figures 2A and 2B show the effects of various calcium
antagonists on the rate of infection of HeL a cells and on the
average number of amastigotes per infected cell, respec-
tively. Nifedipine, nicardipine, nimodipine, nisoldipine,
nitrendipine, and amlodipine markedly lowered the infec-
tion rate from 11.7% (control) to 5.8, 0.9, 1.2, 3.6, 5.9, and
1.7%, respectively. Decreases in the average amastigote
number per infected Hel a cell, elicited by these dihydro-
pyridines, roughly paralleled the decreases in the host-cell-
infection rates by corresponding dihydropyridines.
Nicardipine and amlodipine were markedly cytotoxic, often
resulting in the detachment of infected HelLa cells from
coverdips and thus probably yielding apparently decreased
infection rate and protozoan growth. Nifedipine and ni-
soldipine were also somewhat cytotoxic. Taken together, the
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Figure 2. Effect of various calcium antagonists on the rate
of Trypanosoma cruz infection of Hel a cells and
on the average number of amastigotes per infected
cell. Inoculation of HelLa cedlls, infection by T.
cruzi trypomastigotes, and addition of test com-
pounds (10 #M each) wereasin Fig. 1. On day 4
after the infection, the rate of HelLa cell infection
(A) and the average amastigote number per in-
fected cell (B) were determined as described in
Materials and Methods. Data shown are the means
+1 SD of 3 separate determinations.

results indicate that nimodipine is the most potent dihydro-
pyridine against T. cruz infection and proliferation in HeLa
cells in vitro, with the lowest cytotoxicity to the host HeLa
cells under the conditions examined. Verapamil and gallo-
pamil (the diphenylalkylamine class), diltiazem and mida
zolam (the benzothiazepine class), and alopurinol were less
effective than nimodipine and benznidazole in decreasing
the infection rate and the amastigote proliferation (Fig. 2).

Figure 3. Microscopic images of Hela cells infected by

Trypanosoma cruzi and treated with nimodipine,
alopurinol or benznidazole. HeLa cells (5 x 107/
well) were seeded in each well of 24-well plates,
cultured for 2 days, and infected by T. cruz trypo-
mastigotes (3 x 10" parasites’'well). Immediately
after the infection, ethanol (fina concentration of
1%) as control (A) or 10 #M each of nimodipine
(B), dlopurinol (C) or benznidazole (D) was
added to each well, followed by further incubation
for 4 days. The specimens were fixed, stained, and
photographed as described in Materials and Meth-
ods. Bar: 20 #m.

Benznidazole also seemed to be one of the strongest
inhibitors on the average amastigote number per infected
cell (Fig. 2B). Figure 3 shows the typical microscopic im-
ages of HeLa cellsinfected by T. cruzi and treated with ni-



modipine, alopurinol or benznidazole. In nimodipine- and
benznidazole-treated cultures, few T. cruz amastigotes
were recognized, while allopurinol appeared to cause a
somewhat reduced amastigote humber, when compared to
the control culture. The microscopic images of nimodipine-
and allopurinol-treated Hel a cells resembled those of the
control cells, but surprisingly, benznidazole-treated HeLa
cells often showed enlarged nuclel and cytoplasm (Fig. 3D)
and aso shrinking, probably necrotic, figures (data not
shown). We measured the individual areas of 700 randomly
chosen nimodipine- and 700 benznidazole-treated HelLa
cells and those of 770 normal control HelLa cells, using the
Image-Pro Plus software (Media Cybernetics) (data not
shown). A dtatistical analysis revealed that the x square
value for nimodipine versus control was 51.9 (P<0.005)
while that for benznidazole versus control was 1617.9 (P<
0.005), a significant difference indicating that benznidazole
yielded a much stronger cytotoxicity to Hel a cells than ni-
modipine.

Infection rate (%)

Figure 4. Effect of different mammalian cell lines asin vitro
hosts on the rate of Trypanosoma cruz infection.
HelLa cells (open bar), human fibrosarcoma HT
1080 cells (dotted bar), and mouse fibroblast
Swiss 3T3 cells (closed bar) (5 x 10’/well) were
inoculated in each well of 24-well plates and incu-
bated for 2 days. Infection of these cells by T.
cruzi (3 x 10’ trypomastigotes/well), addition of
calcium antagonists (10 M each), and determina-
tion of the rate of host cell infection were asin Fig.
1. Data shown are the meanst 1 SD of 3 separate
determinations.

N

Effect of different mammalian cell lines, used as in vitro
hosts, on the rate of Trypanosoma cruz infection and on the
average number of amastigotes per infected cell

To determine whether or not other mammalian cells
could serve as hosts in our in vitro infection and drug-
screening system, the infection rates of HelL.a, HT 1080, and
Swiss 3T3 cells were compared on day 4 after the T. cruz
infection and addition of various calcium antagonists (Fig.
4). Swiss 3T3 cells demonstrated generaly high infection
rates, i.e. 24.1, 24.1, 20.8, 20.7, and11.4%, with the addi-
tion of nifedipine, verapamil, diltiazem, allopurinol, and
benznidazole, respectively, as compared to the control
(28.4%). Nimodipine had the lowest infection rate of 3.3%.
HT 1080 cells seemed to resemble HelLa cells in that ben-
znidazole and nimodipine brought about the largest reduc-
tionintheratesof T. cruz infection of these cell lines.

Effect of varying concentrations of various Ca™ antago-
nists on the rate of Trypanosoma cruz infection of mam-
malian cells and on the growth of host cells

Effects of varying concentrations (0.1-100 M) of
Ca"” antagonists on the rates of Hel a cell infection were
examined and | Gy values (the concentrations of compounds
that elicited a 50% reduction in the infection rate) were cal-
culated (Table 1). The values for nicardipine, nimodipine,
amlodipine, verapamil, and benznidazole ranged from 1.3
to 2.6 #M, while the values for nifedipine, diltiazem, and
allopurinol were much higher. Nicardipine, amlodipine, and
verapamil were again cytotoxic to Hel a cells, causing their
detachment from the coverdlips. We examined the direct ef-
fects of varying concentrations of calcium antagonists on
non-infected, normal Hel a cells (Table 1). G+ vaues for
nifedipine, nicardipine, nimodipine, amlodipine, verapamil,
diltiazem, alloprinol, and benznidazole were 51.7, 10.0,
66.2, 8.8, 22.0, 46.8, approximately 100, and 100 «M, re-
spectively. The relative selective cytotoxicities (the ratios of
the latter 1Gp values divided by the former |Gy, values) were
highest for nimodipine (25.5) and benznidazole (58.8).
When Hel a cells were replaced with Swiss 3T3 cellsin our
in vitro infection system, the |Gy value for nimodipine was
extremely low (8.3 nM), yielding a selective cytotoxicity of
5,750, approximately 40-fold greater that that for benznida-
zole. This seemsto be related to the different origin of these
host cells, thet is, HelL a was established as a cancer cell line,
while Swiss 3T3 originated from normal mouse fibroblasts.
However, further studies are needed before any such con-
clusion can be reached. The results again indicated that ni-
modipine is the most potent dihydropyridine against T. cruz
infection and proliferation in mammalian cells in vitro, with
relatively low cytotoxicity to the host cells.



DISCUSSION

Previous studies by Nunez-Vergara et a. and by
Morris et al. [10,13,14] showed that, in T. cruzi epimas-
tigotes, verapamil (the prototype diphenylalkylamine) in-
hibited the uptake of C&” but did not inhibit the protozoan
growth in vitro; nifedipine (the prototype dihydropyridine)
and diltiazem (the prototype benzothiazepine) also exerted
no inhibitory effect on the parasite proliferation. In an ap-
parently related finding, verapamil reportedly exerted a car-
dioprotective effect and ameliorated experimental murine
Chagas' disease [8,9]. However, further searches for an anti-
T. cruzi calcium antagonist that brings about protozoan
growth inhibition have not been successful, probably, at
least in part, because of alack of a suitable screening sys
tem.

On the basis of the recent, rapid development of cal-
cium channel blockers in cardiovascular and cerebrovascu-
lar disorders [15-20], we attempted to examine the anti-T.
cruz activities of various calcium antagonists, particularly
the second and third generation dihydropyridines, using an
in vitro infection system of T. cruzi and Hel.a cells[4]. To
our knowledge, thisisthe first report that nimodipine, a sec-
ond generation dihydropyridine calcium antagonist widely
used for treatment for cerebrovascular disorders, is the
strongest inhibitor against T. cruzi infection and prolifera
tion in mammalian cells in vitro, with relatively low cyto-
toxicity to the host cells (Figs. 2 and 4; Table 1). Likewise,
benznidazole, used in this study as a positive control,
strongly inhibited the parasite infection and growth in HeLa
cells, but, unexpectedly, it caused abnormal enlargement of

Table 1. Effect of varying concentrations of calcium antago-
nists on the rate of Trypanosoma cruz infection of mam-
malian cells and on the growth of host cells

1G values
Compound OuM
Host cdlls addeg Rate of infecti onﬂ érowth of
of host cells host cells
HelLacells
Nifedipine 22,6t 4.4 51.7£ 7.7
Nicardipine 25+ 04 10.0+ 0.8
Nimodipine 26+ 05 66.2+ 13.9
Amlodipine 1.3+ 05 8.8t 0.6
Verapamil 2.1+ 0.9 22,0+ 6.0
Diltiazem 42,8+ 25.2 46.8+ 10.2
Allopurinol 18.2+ 2.3 100"
Benznidazole 1.7+ 04 100
Swiss3T3 cells
Nimodipine  0.0083% 0.010 477+ 25
Benznidazole 19+ 0.21 296.7+ 32.1

Values are the meanst 1SD of 3 separate determinations. ” Approximate
average values of 3 separate determinations.

nuclei and cytoplasm of the host célls (Fig. 3), apossiblein-
dicator of cytotoxicity in an in vitro culture [21] consistent
with the datigtically evaluated difference between the
nimodipine- and benznidazole-treated-cell areas.

Five dihydropyridines, i.e. nifedipine, nicardipine,
nimodipine, nisoldipine, and nitrendipine, possess a com-
mon structural formula (Fig. 5) [19,20]. Interestingly,
highly anti-trypanosoma but cytotoxic nicardipine bears
(CH::N(CH;)CH:-phenyl group as the R, group in Fig. 5A,
while nimodipine, the strongest anti-T. cruzi calcium an-
tagonist with the lowest cytotoxicity, has (CH;-OCH; at the
same position. It is surprising that these differences might
be behind the great cytotoxicity or amost no cytotoxicity to
the host Hel a cells. The second and third generation cal-
cium antagonists act more slowly than the prototype cal-

A

H
HsC. N X
Ri00C COOR2
H
Y
Dihydropyridine X R4 Rz Y
Nifedipine CH; CH; CH; NO,
Nicardipine CHs CH;  (CH,)N(CH3)CH,Ph  NO,
Nimodipine CH; CH(CHs), (CH,),0CH, NO,
Nisoldipine CH; CH; CH,CH(CH;), NO,
Nitfeﬂdipine CH3 (CHg) CHch3 NOZ
Amlodipine CH,O(CH,):NH, CH; CH,CH;3 Cl

Figure 5. Structural formulas of various dihydropyridines. A,
the common structural fomula of dihydropyridines.
Chemical structure of nifedipine, the prototype di-
hydropyridine, is 1,4-dihydro-2,6-dimethyl-4-(m-
nitrophenyl)-3,5-pyridinedicarboxylic acid di-
methyl ester. B, Structural differences of side
chain groups in dihydropyridines. Note that
nicardipine and nimodipine possess -CH.CH:N
(CH,)CHPh (phenyl group) and -CH.CH.OCH.,
respectively, in place of a methyl group of the two
methy! esters of nifedipine. These differences may
have caused a marked cytotoxicity or almost no
toxicity on the host HelLa cells. Amlodipine, a
third generation dihydropyridine calcium antago-
nist, bears distinct side chain groups.



cium channel blockers [15-17, 19,20]. This is probably ex-
pressed as dowly acting nimodipine in a time-course ex-
periment (Fig. 1A). It may be worthwhile, therefore, to ex-
amine the therapeutic efficacies of the slow acting ni-
modipine and other dihydropyridines against the chronic
stage of murine model Chagas’ disease.

In this study, we measured the anti-T. cruz activities
of various calcium channel blockers of dihydropyridine,
diphenylalkylamine, and benzothiazepine classes. The tar-
get of these compounds is the L-type calcium channel [15,
19, 20, 22]. It was reported, however, that HeLa cells and
Swiss 3T3 fibrobrasts appeared to carry no L-type channel
[23,24], with no report concerning the L-type channel in
HT 1080 cells. Thisis consistent with the Gy value for ni-
modipine, which isas high as 2 #M, in the inhibition of the
host-cell-infection rate (Table 1), a value that may not be
low enough to claim the presence of a high affinity L-type
channel [15,19,20]. Whether other types of calcium chan-
nels and/or calcium binding proteins are the possible targets
of the calcium antagonists, especialy nimodipine, used in
the present study is an important topic for future research.
Another important question is whether the key target of ni-
modipine exists in the mammalian host cells or in the T.
cruz trypomastigotes. Studies are underway using the para-
sites pre-incubated with nimodipine.

ACKNOWLEDGMENTS

We thank M. Hashimoto for critical discussion dur-
ing the course of this study. TA is supported in part by the
Japan-US Medical Cooperative Science Program on Para-
sitic Diseases.

REFERENCES

O O Urbina, JA. and Docampo, R. (2003): Specific chemo-
therapy of Chagas disease: controversies and advances.
Trends Parasitol ., 19, 495-501

O O Brener, Z. (1973): Biology of Trypanosoma cruz. Annu.
Rev. Microbiol., 27, 347-382

0 O De Souza, W. (1984): Cell biology of Trypanosoma cruz.
Int. Rev. Cytol., 86, 197-283

0 O Nakajima-Shimada, J., Hirota, Y. and Aoki, T. (1996): In-
hibition of Trypanosoma cruzi growth in mammalian
cells by purine and pyrimidine analogs. Antimicrob.
Agents Chemother., 40, 2455-2458

0 O Nakajima-Shimada, J., Hirota, Y., Kaneda, Y. and Aoki, T.
(1994): Quantitative determination of growth of amas-
tigotes and trypomastigotes in an in vitro cultivation sys-
tem of HelLa cells infected with Trypanosoma cruz. J.
Protozool. Res,, 4, 10-17

0 O Moreno, SIN.J,, Silva, J., Vercesi, A.E. and Docampo, R.

N

(1994): Cytosolic-free calcium elevation in Trypanosoma
cruz is required for cell invasion. J. Exp. Med., 180,
1535-1540

0O O Neira, 1., Ferreira, A.T. and Yoshida, N. (2002): Activa-
tion of distinct signal transduction pathways in Trypano-
soma cruz isolates with differentia capacity to invade
host cells. Int. J. Parasitol., 32, 405-414

0 O Chandra, M., Shirani, J., Shtutin, V., Weiss, L.M., Factor,
S.M., Petkova, S.B., Rojkind, M., Dominguez-Rosales, J.
A., Jelicks, L.A., Morris, SA., Wittner, M. and Tanowitz,
H.B. (2002): Cardioprotective effects of verapamil on
myocardia structure and function in a murine model of
chronic Trypanosoma cruz infection (Brazil strain): an
echocardiographic study. Int. J. Parasitol., 32, 207-215

O O Morris, SAA., Weiss, L.M., Factor, S., Bilezikian, J.P,
Tanowitz, H. and Wittner, M. (1989): Verapamil amelio-
rates clinical, pathologic and biochemical manifestations
of experimental chagasic cardiomyopathy in mice. J. Am.
Call. Cardial., 14, 782-789

M0 Oz, H.S., Wittner, M., Tanowitz, H.B., Bilezikian, JP,
Saxon, M. and Morris, S.A. (1992): Trypanosoma cruz:
mechanisms of intracellular calcium homeostasis. Exp.
Parasitol., 74, 390-399

(IO Kaneda, Y., Nagakura, K. and Goutsu, T. (1986): Lipid
composition of three morphologica stages of Trypano-
soma cruzi. Comp. Biochem. Physial., 83B, 533-536

(00 Nakajima-Shimada, J., Zou, C.-B., Takagi, M., Umeda,
M., Nara, T. and Aoki, T. (2000): Inhibition of Fas-
mediated apoptosis by Trypanosoma cruz infection. Bio-
chim. Biophys. Acta, 1475, 175-183

(00 Nunez-Vergara, L.J., Squella, JA., Bollo-Dragnic, S,
Marin-Catalan, R., Pino, L., Diaz-Araya, G. and Letelier,
M.E. (1998): Isradipine and lacidipine: effects in vivo
and in vitro on Trypanosoma cruzi epimastigotes. Gen.
Pharmacaol., 30, 85-87

(IO Tanowitz, H.B., Wittner, M., Chen, B., Huang, H., Weiss,
L.M., Christ, G.J., Braunstein, V., Bilezikian, JP. and
Morris, SA. (1996): Effects of verapamil on acute
murine Chagas' disease. J. Parasitol., 82, 814-819

(0O Abernethy, D.R. and Schwartz, JB. (1999): Calcium-
antagonist drugs. New Engl. J. Med., 341, 1447-1457

(0 Langley, M.S. and Sorkin, E.M. (1989): Nimodipine: a
review of its pharmacodynamic and pharmacokinetic
properties, and therapeutic potential in cerebrovascular
disease. Drugs, 37, 669-699

(0 Messerli, FH. (2003): Evolution of calcium antagonists:
past, present, and future. Clin. Cardiol., 26 (Suppl. 11), 12
-16

(IO Striessnig, J., Grabner, M., Mitterdorfer, J., Hering, S.,
Sinnegger, M.J. and Glossmann, H. (1998): Structural ba-
sisof drug binding to L Ca™ channels. Trends Pharmacol.
Sci., 19, 108-115

(IO Triggle, D.J. (20034): The 1,4-dihydropyridine nucleus. a
pharmacophoric template. Part.1. Action at ion channels.
Mini Reviewsin Med. Chem., 3, 215-223

(IO Triggle, D.J. (2003b): 1,4-Dihydropyridines as calcium
channel ligands and privileged structures. Cell. Mol.



Neurobiol., 23, 293-303 Ca" and Ca&" channel antagonists in the control of hu-
(0O Hong, Y.C. and Choi, S.S. (1997): Cytotoxicity and man small cell lung carcinoma cell proliferation. Eur. J.
multinucleate giant cell formation in Chinese hamster Pharmacol. (Molecular Pharmacology Section), 247, 325
lung fibroblast caused by crocidolite and chrysotile. J. -331
Korean Med. Sci., 12, 99-104 0O Li, P, Thaw, C.N., Sempowski, G.D., Gershengorn, M.C.
(D0 McDonald, T.F., Pelzer, S, Trautwein, W. and Pelzer, D.J. and Hinkle, PM. (1992): Characterization of the calcium
(1994): Regulation and modulation of calcium channels response to thyrotropin-releasing hormone (TRH) in cells
in cardiac, skeletal, and smooth muscle cells. Physiol. transfected with TRH receptor complementary DNA: im-
Rev., 74, 365-507 portance of voltage-sensitive calcium channels. Mol. En-

(O Cattaneo, M.G., Gullo, M. and Vicentini, L.M. (1993): docrinol., 6, 1393-1402



Tropical Medicine and Health Vol. 32 No. 2, 2004, pp. 189-197
Copyright© 2004 by The Japanese Society of Tropical Medicine

A LIST OF AND KEYSTO BLACK FLIES
(DIPTERA: SIMULIIDAE) IN THAILAND

HIROYUKI TAKAOKA” and WEJ CHOOCHOTE!
Accepted 13, May, 2004

Abstract: Forty-five known species of Smulium Latreille s. |. in Thailand are listed, and keys to subgenera and
species within each subgenus are provided for adults, pupae and mature larvae.
Key words: Smulium, black fly, Thailand, key, identification

Takaoka and Suzuki [1] provided the first keysto iden-
tify al the 19 species of Smulium Latreille s. . so far re-
corded from Thailand. During the last two decades, the
number of species newly described or recorded from this
country has increased dramatically to 45 [2]-[9]. New keys
to identify all the known species are essentia for further

taxonomic and ecological studies on Simuliidae in Thailand.

We present a list of the species of Smulium s. |. and
keys to subgenera and species for adult females, males, pu-
pae and mature larvae. The definitions of the subgenera and
species-groups refer to those of Takaoka [10], and terms of
morphological features used in the keys follow Takaoka
[10].

LIST OF THE SPECIES OF SIMULIIDAE IN THAILAND
Genus Simulium Latreilles. I.

Subgenus Daviesellum Takaoka and Adler
O O courtneyi Tekaokaand Adler, 1997
0 O pahangense Takaoka and Davies, 1995

Subgenus Gomphostilbia Enderlein
(A) batoense species-group
O O angulistylum Takaoka and Davies, 1995
O O decuplum Takaoka and Davies, 1995
O O dentistylum Takaoka and Davies, 1995
0 O gombakense Takaoka and Davies, 1995
0 O parahiyangum Takaoka and Sigit, 1992
O O siamense Takaoka and Suzuki, 1984
(B) ceylonicum species-group
0 O asakoae Takaoka and Davies, 1995
(O inthanonense Takaoka and Suzuki, 1984
(O sheilae Takaoka and Davies, 1995
(C) varicorne species-group

(0 burtoni Takaoka and Davies, 1995
110 chumpor nense Takaoka and Kuvangkadilok, 2000

Subgenus Montisimulium Rubtsov
MO0 sp. G

Subgenus Nevermannia Enderlein
(A) feuerborni species-group
(100 feuerborni Edwards, 1934
(B) ruficorne species-group
(110 aureohirtum Brunetti, 1911
(C) vernum species-group
(100 caudisclerum Takaoka and Davies, 1995

Subgenus Smulium Latreille s. str.
(A) griseifrons species-group
(100 choochotei Takaoka, 2002
(10 digrammicum Edwards, 1928
10 grossifilum Takaoka and Davies, 1995
(110 maenoi Takaoka and Choochote, 2002
(110 nigrogilvum Summers, 1911
(O rudnicki Tekaokaand Davies, 1995
(IO suchariti Takaoka and Choochote, 2004
(110 yongi Takaokaand Davies, 1997
(B) malyschevi species-group
(10 siripoomense Takaoka and Saito, 1996
(C) multistriatum species-group
(100 chainarongi Kuvangkadilok and Takaoka, 1999
(110 chaliowae Takaoka and Boonkemtong, 1999
(O fenestratum Edwards, 1934
(IO malayense Takaoka and Davies, 1995
(0O triglobus Takaoka and Kuvangkadilok, 1999
(D) nobile species-group
(110 nobile De Meijere, 1907
(110 nodosum Puri, 1933

0 O Department of Infectious Disease Control, Faculty of Medicine, Oita University, Hasama, Oita, 879-5593, Japan
0 O Department of Parasitology, Faculty of Medicine, Chiang Mai University, Chiang Mai 50200, Thailand
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(E) striatum species-group

(IO chiangmaiense Takaoka and Suzuki, 1984
(IO nakhonense Takaoka and Suzuki, 1984
(00O quinquestriatum (Shiraki, 1935)

(110 thailandicum Takaoka and Suzuki, 1984
(F) tuberosum species-group

(110 brevipar Takaokaand Davies, 1995

(0O rufibasis Brunetti, 1911

(O setsukoae Takaoka and Choochote, 2004
[0 tani Tekaokaand Davies, 1995

(00O weji Takaoka, 2001

(G) variegatum species-group

(110 barnesi Takaoka and Suzuki, 1984

(110 chamlongi Takaoka and Suzuki, 1984

(H) Smulium s, str. unplaced to group

(110 baimaii Kuvangkadilok and Takaoka, 1999

Notes:

"0 0 Smulium (Montisimulium) sp. G is known only from
larval specimens collected a Ang Ka, Doi Inthanon Na-
tiona Park [11].

"0 0 Smulium (Gomphostilbia) burtoni is newly recorded
based on three adult females collected on a human attrac-
tant at Tambol Ban Laung, Doi Inthanon National Park,
in January and February 2004, by W. Choochote, and a
female specimen emerged from the pupa collected at
Hauy Mor, Chiang Ma Province, in June 2001, by W.
Choochote and H. Takaoka. Identification of S. burtoni is
tentative because adult female specimens of S burtoni
collected from northern Thailand seem to differ from the
original description [12] in that they have a shiny fifth
tergite and dark subbasal spot on the hind tibiae. How-
ever, our reexamination of the type female specimen
shows that the fifth tergite of S. burtoni is shiny (it was
wrongly noted to be dull in the original description). It is
also shown that there appears to be no dark subbasal spot
on the hind tibiae of the type specimen, as described in
the original description. However, it is difficult to con-
clude that its hind tibiae lack the dark subbasal spot since
the type specimen was dried and pinned soon after it had
emerged from the pupa, and then preserved in 70% etha
nol. It is possible that the dark subbasal spot was as yet
undeveloped in the freshly emerged adult or that it faded
in alcohol. Additional adult specimens of S. burtoni from
the type locality of Malaysia are needed to solve this
problem.

P00 Smulium (Simulium) sp. D, reported from six females
collected while biting on human attractant in Doi Intha
non National Park by Takaoka and Suzuki [1], was de-
scribed as a new species, S (S) setsukoae, by Takaoka
and Choochote [9].

"0 0 Smulium (Smulium) sp. E, which shows a much paler
coloration of the female legs than S. (S.) rufibasis [1], is
tentatively included in S.(S.) rufibasis, since apart from

the female leg coloration, there is no morophological dif-
ference in the female, male and pupa stages between S
(S) sp. Eand S (S) rufibasis.

0 O O Smulium baimaii, left unassigned to any subgenus by
Takaoka and Kuvangkadilok [4], is treated under the sub-

genus Smulium s. str. for convenience’ sake.

KEYSTO THE SUBGENERA
OF SMULIUM S. L. IN THAILAND

ADULT FEMALES’
D D Katq)l Sa‘num hal raj ............................... Gomphostl I bla
KatepiSternum Dare «« - wseeseesessensensensmnsinsinininnens 2
0 O Claw with alarge basal tooth::«:«:=««s«sss=eses Nevermannia
Claw simple or with asmall subbasal tooth:s« -+« 3

0 O Paraproct with acluster of dark spinesDaviesellum

Paraproct without any dark spine«:-- Smulium s. str.
(*The female of Montismulium is not included because
that of S. (M.) sp. G is unknown)

ADULT MALES’

D D Katepl sternum hal raj ............................... GomphOStllbla
Katepl Sernum bare. ....................................................... 2
D D COXite |0nger than Style‘ ............................ Na/errnannia
COXite shorter than Style ............................................... 3
0 O Coxite much longer than wide:««««««=+-++-+++ Daviesellum

Coxite aslong as, or dightly shorter than, wide«««=+-

.............................................................. s m.jllum S, str.

(*The male of Montisimulium is not included because that
of S (M.) sp. G isunknown)

PUPAE’
0 O Grapnel-like hooklets present on the last abdomina

................................................................. Ne/errnannia

Cocoon without any anterodorsal projection:« -« 3

0 O Dorsal surface of abdominal segment 2 with stout

hooks similar in size to those on abdominal segments

3 and 4 ....................................................... Dav'e%”um

Dorsa surface of abdomina segment 2 with spines (in

place of such distinct hooks) much smaller than

hOOkS on abdomlnal S@ments 3 and 4 ..........................

............................................................. sn-““um S. str.

(* The pupa of Montisimulium is not included because that
of S (M.) sp. G isunknown)



MATURE LARVAE
O O Hypostomium very wide, with 13 apical teeth::----+--:
................................................................... Daviesellum
Hypostomium of moderate width, with 9 apical teeth-

Last abdomina segment with large ventral papillae3
0 O Postgenal cleft vestiggal -« wwseeeeeeess Montisimulium
POStgenal CI eft dlgl nCtly formaj ................................... 4
0 O Lateral margin of hypostomium serrateqh:« -«

KEYSTO THE SPECIES
OF THE SUBGENUS DAVIESELLUM

ADULT FEMALES
O O Genital fork with a distinct projection directed anteri-
0r|y .................................................................. COUrth/i
Genital fork without such a projection:«--- pahangense

ADULT MALES
0 O Ventra plate much longer than wide when viewed ven-

tra”y ................................................................ COUrthi
Ventral plate much shorter than wide when viewed
Ventral |y ...................................................... pahangense
PUPAE
O O Frons densely covered with tubercles:«««+«+«- courtneyi
Frons mostly bare (though narrow portion near the
IO\Ner margln tUberCUIate) .......................... pahangense
MATURE LARVAE
O O Postgenal cleft long, but its apex not reaching the pos-
terior margin of hypostomiuy««««:s«ssxseseeseeess courtneyi
Postgena cleft long, its apex reaching the posterior
marg|n Of hypostomium ............................. pahangense
KEYSTO THE SPECIES

OF THE SUBGENUS GOMPHOSTILBIA

ADULT FEMALES’
0 O Antenna composed Of 10 %gments .............................. 2
Antmna CompOSBd Of 11 wments‘ .............................. 3
|:| |:| Terg'te 5 Sh| ny ..................................................... burtonl
Terglte 5 not sh| ny .................................... Chumpornense

O O Mid and hind femora amost yellow except apical cap

N

darkeseeeeeeeeeseeeneee dentistylum
Mid and hind femora alomst dark except base pale-+-4

D D Hlnd t|b|am0§|y dark ...................................... Sanﬁn%
Hind tibia whitish yellow or dark yellow on basal 2/5

OF INOFE eseeseereereesnesnestestettattattatiantastuotittttastestastentaians 5

D D H|nd t|b|aW|th adark S.Jbbasal SpOt ............................. 6
Hind tibia without such adark subbasal spot:««:««+-++* 8

O O Sensory vesicle of medium size, 0.3 times as long as
3rd maxillary palpal segment::«:««s«s++++ angulistylum
Sensory vesicle enlarged, 0.5 or 0.6 times as long as

3rd maxillary palpal segment:-« -« --sesesessensensensneens 7

O O Arms of genital fork with a short projection directed
anteri 0r|y ........................................................ decupl um
Arms of genital fork without such a projection:«:««-----
................................................................ parahiyangum

O O Hind tibia whitish yellow on basal 2/3; sensory vesicle
of moderate size, 0.3 times as long as 3rd maxillary
palpal SegmEnt: - s eeesesseessenssssrnss asakoae

Hind tibia whitish yellow on basal 2/5 or 1/2; sensory
vesicle enlarged, 0.57 or 0.68 times as long as 3rd
maxillary pa| pa| 2011150 | R R 9

0 O Frons-head ratio 1.0 : 4.8: sensory vesicle enlarged,
0.57 times aslong as 3rd maxillary palpal segment:--
.................................................................. inthanonen$
Frons-head ratio 1.0 : 5.7; sensory vesicle enlarged,

(*The female of S gombakense, which is unknown, is not
included)

ADULT MALES
D D Antennacompo%d Of 10 mmmts .............................. 2
Antenna Compowj Of 11 mments .............................. 3
0 O Ventral plate produced ventrally::«««ssseeeseeees burtoni
Ventral p| ate nearly ﬂat ............................ Chumpor nense
o0 H|nd bagtarws enlarged ................................................ 4
Hind basitarsus slender, much thinner than hind tibia

O O Eyewith 16 horizontal rows of large facets: -«
.................................................................. inthanonen$

Eye with 13 horizontal rows of large facets: s+ 5

O O Hind tibia mostly medium brown to brownish black
with basal 1/3 or alittle less somewhat palesheilae

Hind tibia whitish on a little less than basal 1/2 and
brO\NniSh b| mk on the [EStreeeeerrrrrremmmeereeneenannnes asakoae

0 O Mid and hind femora yellow except apical cap dark:
..................................................................... dentistylum

Mid and hind femora almost dark except base pale+7

O O Hind tibiaamost dark except base pale:«««+++«s+seeeeeeee 8
Hind tibiawhitish on basal 1/2 or more«««:«+«ss=seeee 10

O O Abdominal segments 2, 5, 6 and 7 each with a dorso-



Abdominal segments 2, 6 and 7 each with a dorso-
lateral pair of shiny whitish-pruinose patches:«++- 9

O O Upper eye with 12 or 13 vertical columns and 15 hori-
Zontal rows Of |arge fmets. ........................... decuplum
Upper eye with 17 vertical columns and 15 horizontal
rows Of |argefacets. ............................... parahlyangum

(O Hind tibia whitish on basal 2/3, with a dark subbasal
Spot ............................................................ angul |Sty| um

Hind tibia whitish yellow on basal 1/2, without such a

dark wbb&l q:)ot ...................................... gombaken%

PUPAE
O O Gill of much inflated structure with 2 triplet groups of

................................................................... gOfnbaken%

G||| Wlth 8 or 10 fllarnentS‘ ........................................... 2

|:| |:| G||| Wlth 10 fllamentS’ ..................................... deCUpIUm
G||| Wlth 8 f”arnents ..................................................... 3

O O Gill filaments all shorter than pupal body (shorter than
1.6 mm), Short-StalKeg++++=-++++sseeresrremssurensuenninnnnnnnen. 4

Gill filaments subequal to, or longer than, pupal body
(longer than 1.9 mm), moderately-stalked:««=«-««++++: 7

|:| |:| Antennal Sheath g—nooth ................................................ 5
Antmna' Sheath Wlth tUberCleS‘ ..................................... 6

O O Gill filaments arranged in 2 groups, i.e.1dorsal (4 indi-
vidual and 2 paired filaments) and 1ventral (2 paired

fl IarnentS) ................................................ Chumpor nense
Gill filaments arranged in 3 groups (3+3+2 filaments
from dorsal to Ventl’al) .............................. angu“stylum

O O Antennal sheath with marked ridges each correspond-
ing to flagellar segments 1-9, each ridge covered

with several tubercles; gill filaments arranged in 3
groups (3+3+2 filaments from dorsal to ventral)-«----
................................................................ parahiyangum
Antennal sheath with less marked ridges correspond-

ing to flagellar segments 1-9, each ridge covered

with a few tubercles; gill filaments arranged in 4
groups (2+1+3+2 filaments from dorsal to ventral)--

..................................................................... dentlstylum
O O Dorsal and middle triplet groups and ventral pair group
arising basally at the same level- -« wweeeeeeees siamense

Dorsal and middle triplet groups sharing a short stalk,
which arises, with a stalk of ventral pair group, from

Q—]On common b%al Stalk ............................................ 8

0 O Dorsal and middle triplet groups consisting of 1 indi-
vidual filament and 2 paired filaments with a very

87 = = R A burtoni
Dorsal and middle triplet groups consisting of 1 indi-
vidual filament and 2 paired filaments with a short or

medium_|0ng Sl eeeeeenreeenneesnressntin e 9

[ O Cocoon with adistinct anterodorsal projection::=:«---
.................................................................. inthanonense
Cocoon with an anterodorsal bulge -« «--eesseesseess 10

(OO Terminal hooks weakly undulate on outer margin:« -

MATURE LARVAE
0 O Thoracic segment 3 and abdominal segments 1-5 each
with 1 or 2 pairs of dorsal and/or dorsolateral protu-

berances ...................................................................... 2
Thoracic segment 3 and abdominal segments 1-5 with-
out any dorsal or dorsolateral protuberance:-« =« 3

0 O Postgenal cleft very long, its apex reaching the poste-
rior margin of hypostomium; thorax and abdomen
densely covered with dark spines of various sizes++
................................................................ parahiyangum

Postgenal cleft long, but its apex not reaching the pos-
terior margin of hypostomium; thorax and abdomen
sparsely or moderately covered with minute setag+-
................................................................ ChUI’TpOI‘ nense

0 O Postgenal cleft very long, its apex nearly or completely
reaching the posterior margin of hypostomium::««-+- 4

Postgenal ClEft OthErWise: + -+ wweersessemssensessenssnennnnes 5

0 O Abdomen markedly constricted between segments 4
QNG Breveereerrremesnesniti denti gy| um

Abdomen not constricted between segments 4 and 5+

pupa gill of inflated structure:«:«««-«---=--: gombakense
Abdomen moderately or densely covered with simple

or branched dark spinous setae or spinules dorsaly

on segments 5-8; pharate pupal gill filamentous+-+-+-7

0 O Abdomen moderately covered with simple minute dark
setae dorsally on Segments 58+ -wwwweeeseesees: asakoae
Abdomen moderately or densely covered with branched
dark spinous setae or spinules dorsally on segments

5_8 ............................................................................... 8

0 O Thoracic cuticle moderately covered with minute dark
spinules with 7-11 branches dorsally; pharate pupal

g||| W|th 10 f”aments .................................... deCUpl um
Thoracic cuticle amost bare dorsaly; pharate pupal
g||| Wlth 8 f”ammts .................................................... 9

0 O Minute dark spinous setae on abdominal segments 5-8
somewhat flat and stout basally, with short branches



Minute dark spinous setae on abdominal segments 5-8
dender and hair-like basally, with long branches+10

(MO Minute dark spinous setae on abdominal segments 5-8
W|th 0_5 branCheS' ............................................. burtoni
Minute dark spinous setae on abdominal segments 5-8

with 5-12 (mostly 8-10) branches -+« angulistylum

KEYSTO THE SPECIES
OF THE SUBGENUS NEVERMANNIA

ADULT FEMALES
0 O Antenna yellow with at least 1st flagellar segment
darkened; hind tibiayellow on basal 1/2, dark on api-
cal 1/2, and with subbasal dark ring:---+--- aureohirtum
Antenna amost all darkened or mostly so except afew
basal segments pale; hind tibia nearly all brown:::-- 2
O O Scutum reddish brown in ground color, with 3 dark

|0ngitudi nal Vlttf;e .................................... feuerborni
Scutum brownish black in ground color, without any
|0ngitudi na| Vitta ................................. Caudimlerum

ADULT MALES
O O Antenna yellow or yellowish brown with 1st flagellar
segment darkened; hind basitarsus slender, paralel-
sided, much narrower than hind tibia---aureohirtum
Antenna almost all darkened; hind basitarsus inflated,
its greatest width nearly as wide asthat of hind tibia-

0 O Scutum whitish pruinose with 3 dark longitudinal
vittae at certain angle of light; paramere with 3 or 4
parameral NOOKS ++++#+sesssreeeeennnnnsncnnnnnnnnnen. feuerbor ni

Scutum whitish pruinose without any longitudinal
vitta; paramere with asingle parameral hook::+++++

............................................................. caudisclerum
PUPAE

01 00 Gill With 4 filaments -«--s-s-ssesessesessesencs caudisclerum

Gill With 6 fil AMENts +++-++s+sseseesreressssesssssssesssssnsssssens 2

O O All filaments extending forwards close together, and 2
ventral filaments with rather long stalk:«+- feuerborni

All filaments diverging widely from the base, and 2
ventral paired filaments with short stalk-aureohirtum

MATURE LARVAE
O O Abdomen with distinct reddish-brown markings dor-
Sa”y ............................................................... feuer bor ni
Abdomen without any distinct colored marking dor-

O O Abdomen with accessory sclerite ventrolaterally on
each side of the last segment; mandibular serrations

N

composed of 1 well-developed and 1 small teeth and
with supernumerary serrationg =« caudisclerum
Abdomen without any accessory sclerite; mandibular
serrations composed of 2 well-developed teeth and
without supernumerary serrations:«««+«+- aurechirtum

KEYSTO THE SPECIES
OF THE SUBGENUS SMULIUM S. STR.

ADULT FEMALES”

D D CIaN W|th agna” Subbasal tOOth .................................. 2
Claw without any 10010118 HEE T LTI TIPS 6

O O Basal section of radia vein fully haired; fore basitarsus
with thick dorsal hair cregt:««ssseeeeeeeeeese nigrogilvum

Basal section of radial vein bare; fore basitarsus with
mOderaIe dorsa| ha”- Cl’eSt ............................................ 3

0 O Mid and hind femora mostly yellowish:- chamlongi
Mld and h| nd fernora mOStIy brO\NniSh ......................... 4

O O Scutum densely covered with yellow hairg:«-- barnesi
Scutum moderately covered with brassy hairg:««:+-- 5

O O Antenna brownish black with scape, pedicel and base
of 1st flagellar segment yellow; abdominal segment 7
with branched hairs medially on ventral surface:« -
.................................................................. siripoomense

Antenna yellow or tawny with 2 apical segments
blackish; abdominal segment 7 with simple hairs on

Ventral Surface" .................................................... nob”e
O O Scutum with distinct longitudinal vittag:«:«sssseseseeeeese 7
SCUtUm W|th0ut any Vitta ............................................ 17

O O Fore tibia medium to dark brown, without white area
on outer surface; hind tibia dark brown to brownish
black with base yelow; inner margin of ovipositor
valve with ventrally produced round flagp:««««s«s«s++se++
------- chiangmaiense, nakhonense and quinguestriatum

Fore tibia with white shiny area on outer surface; hind
tibia whitish or yellowish on basal 2/3 or more and
dark brown to brownish black on the rest; inner mar-

gin of ovipositor valve without such aflgp:-««««-«=- 8
O O Basal section of radial vein fully haired:«««:««s«ssesee2 9
Basal mlon Of rajlal Ven bare- ................................. 11

O O Hind basitarsus whitish on basal 3/5 and dark brown
on the rest; ovipositor valve rounded, covered with
short setae, and with elongate internal projection:----
..................................................................... grossifilum

Hind basitarsus whitish on basal 1/2 and dark brown
on the rest; ovipositor valve triangular, covered with
long stout hairs, and without such an internal projec-

tlon. ............................................................................ 10
110 Cibarium with a round short media projection along
posterior margln ........................................... ChOOChOtei



Cibarium with a narrow long media projection along
pogerior mal’gln ...................................... dlgramml cum

(JO Mid tibia white on basal 2/3 or 3/4 and dark brown or
brownish black on the rest; cibarium with a tubercu-

|aIe med|a| pI‘Oj ection ................................................ 12

Mid tibia white on basal 4/5 or 5/6 and light to dark
brown on the rest; cibarium with a smooth medial

proj eCtion ................................................................... 13

(110 Cibarium with tubercles near the base of media pro-
jeCtion' ............................................................. SJCharltl
Cibarium bare near the base of medial projection:« -

(0 All femora amost yellow; three spermathecae present
......................................................................... triglobus

At least mid and hind femora mostly dark; one sper-
matheca [o/f=o = o R R R R R R R R 14

(100 Hind basitarsus whitish yellow on a little more than
basal 1/2 and dark brown on the rest:««+-+-: fenestratum

Hind basitarsus whitish yellow on basal 3/5 and dark
brO\Nn on the reg ....................................................... 15

110 Mid femur blackish brown with basal 1/5 or 1/4 yellow
....................................................................... Chaliowae

Mid femur almost entirely dark brown:--- chainarongi

(IO Mid tarsal segments 2 and 3 entirely yellow-nodosum
Mid tarsal segments 2 and 3 light brown to brownish

bl mk .......................................................................... 18

[DD Mldfemur ent”-dy ye”OVV ................................. rudnicki
M |d fernur al moa dark brOVVn ..................................... 19

(110 Abdominal segment 7 with a pair of clustered hairs
1= 1111 | e R R 20
Abdominal segment 7 without such a pair of clustered
NaITS VENtral [y -w-essessessemsssssmssmsenseneeteteses 22

(O A pair of clustered hairs on abdominal segment 7 short,
subequal in length to those on the surrounding area:-

A pair of clustered hairs on abdominal segment 7
much longer than those on the surrounding area:++-21
(100 Mid tibia ailmost light brown with base somewhat yel-

|O\N .......................................................................... Wejl
Mid tibia white on basal 1/2 or more and medium
brO\Nn on the reg ............................................. rufi bass

(110 Hind basitarsus white on a little more than basal 1/2
and brownish black on the rest; scutum covered with
yellowish hairs aswell as dark ongg:«««s«+«seseesee yongi

Hind basitarsus white on basal 3/5 or more and
brownish black on the rest; scutum covered with dark
DrOWN N@IrS Only:+«ssseseessessessmssmssmssmnsmsissisisines 23

(00O Sensory vesicle enlarged, 0.7 times as long as the 3rd

maXl”ary pal pal w‘]ment ........................................ tan|
Sensory vesicle medium-sized, 0.3 times as long as the
3rd maXl”ary pal pal %gment ........................... bre’l par

(*The females of S. baimaii and S. thailandicum, which are
unknown, are not included)

ADULT MALES’

0 O Basd portion of radial vein fully haired::«««-««sesseseee: 2
Basal portion Of raj|a| Vein bare. .................................. 4

0 O Abdomen with a pair of shiny whitish-grey pruinose
spots dorsally or dorsolaterally on segments 2, 5, 6

and 7; width of style nearly the same from base to
apical tip when viewed ventrolaterally:«-- choochotei
Abdomen with a pair of shiny white pruinose spots
dorsaly or dorsolateraly on segments 2, 6 and 7,
width of style becoming much narrower apically:-++-3

0 O Fore basitarsus with thick dorsal hair crest; hind basi-
tarsus nearly parallel-sided; ventral plate nearly quad-

rate, parallel-sided when viewed ventral |y«
.................................................................... nigrogilvum

Fore basitarsus with moderate dorsal hair crest; hind
basitarsus spindle-shaped; ventral plate gradually nar-
rowed posteriorly when viewed ventrally:-««:«-=«s=es--

................................................................. digramicum

0 O Scutum broadly silvery pruinose with transverse,
inverted-V-shaped, black Dand::-««=++=-s+eeseeeerereesseecnns 5
SCUtUm OtherW|%’ ......................................................... 6

0 O Ventra plate with a narrow body parallel-sided when
V|eNed Ventra”y .................................................. nObile
Ventral plate with a wide body broadened medialy
When Vlelved Ventl’al |y .................................... nOdOSJm

0 O Mid femur and tibia almost yellowy:«««-«s«sxseeee: rudnicki
Mld fefT]Ur and t| b|a0therW|Se ..................................... 7

0 O Mid tibiamostly dark (including posterior surface)-8
Mid tibia whitish or yellowish (at least on posterior
surface) on basal 1/2 or more and dark brown on the

0 O Fore tibia medium brown, with white shiny area on
Outer Sjrfme ............................................................... 9

Fore tibia medium to dark brown, without white area

on Outer wrfa:e ........................................................ 15

0 O Hind basitarsus white or whitish yellow on basal 1/2 or
less and dark brown to brownish black on the rest+10

Hind basitarsus white or whitish yellow on more than
basal 1/2 and light to dark brown on the rest:«+-+-+-: 13

(10 Hind basitarsus somewhat enlarged, about 5.0 times as
long as wide and much narrower than hind tibia:«---
...................................................................... chamlongi

Hind basitarsus much enlarged, 3.2-3.5 times as long

as wide, and subequal to, or a little wider than, the
greatest Wldth Of hl nd tl b|a ....................................... ll



(100 Upper eye with 20 vertical columns of large facets«++

........................................................................ %tﬂ.]koae
Upper eye with 15-17 vertical columns of large facets
................................................................................... 12

(O Hind basitarsus whitish yellow on basa 1/3 and
bI'OWI’]iSh bl aCk on the reg ............................... ruﬁ bass

Hind basitarsus whitish yellow on basal 1/2 or a little

less and brownish black on the regte««wswseseseesees tani

(100 Hind basitarsus, narrow (similar to that of female),
parallel-sided, white with apical 1/6 light brown:«:------
.................................................................. siripoomense

Hind basitarsus enlarged, wedge-shaped, whitish yel-
low on basal 3/5 or alittle less and dark brown on the

(100 Abdominal segments 2, 5, 6 and 7 each with a pair of
silvery iridescent spots dorsolaterally:« -+« weji

very iridescent spots dorsolaterally::«--«+-: brevipar

(00O Hind basitarsus whitish yellow on basal 1/2 or a little
more or less and brownish black on the rest:«««««:+-+-:
............................................................. qu| nqu%tr | atum

Hind basitarsus whitish yellow on basal 3/5 and
bI’OWI’]iSh bl aCk on apl Cal 2/5 .........................................
~~~~~~~~~~~~~ chiangmaiense, nakhonense and thailandicum

(O Hind basitarsus whitish on basal 1/2 or alittle less and
brownish black on the rest; body of ventral plate

Wider than [onge -+« swseeseessessemsmmsessienes 17

Hind basitarsus entirely light to dark brown, or so with

basal 2/5 whitish yellow or dark yellow; body of ven-

tral p| ate Ionger than Widg---wseerereemesnemneiennnninnnns 18

(100 Body of ventra plate about 1.8 times as wide as long,
and much shorter than armg:s«««seseseseeeseesesecseeees yongi

and much longer than arms«« - --weeseeses grossifilum

(00O Hind basitarsus entirely light to dark brown:«««-«-«---- 19
Hind basitarsus brownish black with basal 2/5 whitish
yellow or dark yellow ................................................ 20

(110 Ventral plate subquadrate when viewed ventrally, and
with distinct teeth on its posterior surface--chaliowae
Ventral plate gradualy narrowed posteriorly when
viewed ventrally, and without any tooth on its poste-

rior S.Jrfa:e ........................................................ rnaenOi

(IO Upper eye with 20 vertical columns and 20 horizontal
rows of | argefacets ................................... chai narongi

Upper eye with 15-17 vertical columns and 16 or 17
horizontal rows of | arge facet - eerreeereerereerenenennannens 21

(110 Upper eye with 15 vertical columns and 16 horizontal
rows of large facets; ventral plate with 2 vertical rows

of teeth nearly parallel-sided on its posterior surface

Upper eye with 17 vertical columns and 17 horizontal

N

rows of large facets; ventral plate with teeth irregu-

larly situated on its posterior surface: fenestratum
(*The males of S baimaii, S barnes and S. suchariti,
which are unknown, are not included)

PUPAE

D D G|” Of Inﬂataj form ...................................................... 2
G||| f”amentous ............................................................ 4

O O Gill with 2 filaments arising from long inflated trunk
........................................................................... ba”—na“

Gill with 3 or 6 inflated tubes with rounded apex:«-- 3

D D G||| W|th 3 |nf|aIEd tubes. ................................. nOdOSJm
Gill with 6 inflated tubes with minute spings:««::
..................................................................... grogf”um

D DG|”W|th6f||amentS' ..................................................... 5
G||| W|th 8 or 10 f”aments. ......................................... 19

0 O Cocoon simple wall-pocket-shaped:««-«-+-+wsesseuseenses 6
Cocoon shoe-shaped or boot-shaped:++=+-+-wwwseeeses 16

O O Cocoon with an anterolateral window on each side-7
Cocoon Wlthout |atera| W| ndO\N .................................. lO

O O Gill filaments subequal in length and thickness to one
another ......................................................................... 8

Gill filaments decreased in thickness from dorsal to
Ventral .......................................................................... 9

O O Gill filaments short-stalked; dorsal spine-combs pre-
sent on abdominal segments 7—9:++«+-+++++: siripoomense

Gill filaments almost sessile; dorsal spine-combs pre-
sent only on abdominal segment 8:+«eeseseseseese rudnicki

O 0O Cocoon with a small anterolateral window on each
side; frons moderately covered with very large tuber-
cles; terminal hooks PrESENLrsseeeseesssessessssassnecnes maenoi

Cocoon with a moderate anterolateral window on each
side; frons densely covered with small and medium-
sized tubercles; terminal hooks absent:««+++- suchariti

(10 Integuments of head and thorax bare (except posterior
1/2 of thorax with minute tubercleg):«««-««seseeseeeese 11

Integuments of head and thorax moderately or densely
Coveraj W|th tubacles. .............................................. 12

110 Cocoon very thin, transparent, and its anterior margin
often not well defined; inner filament of the ventral-
most pair narrowed basally; dorsa spine-combs pre-
sent on abdominal segment 8; terminal hooks absent:
.............................................................................. yongi

Cocoon thickly woven, not transparent, and its anterior
margin well defined; inner filament of the ventral-
most pair not narrowed basally; dorsal spine-combs
present on abdomina segments 7-9; terminal hooks

prmt ........................................................... Chaml Ongl
g Ta-ml nal hooks prmt ............................................. tanl
Terml nal hooks ab%nt ................................................. 13

M0 Gill filaments with short-stalked; dorsalmost filament



basally directed upward or forward, then curved for-
ward or downward; abdomina segment 7 with spine-
COMDS dOrSal [y -veeeseersemseesensenssmnsssss s 14
Gill filaments amost sessile; dorsaimost filament ba
sally directed forward or downward; abdominal seg-

ment 7 without spine-combs dorsally:«««:«s«s«sseeeeese: 15

(110 Two filaments of the dorsal pair subequal in thickness
to eaCh Other .................................................... rUﬁ baSS
Dorsalmost filament of the dorsal pair much thicker

than the counter f”an]ent ............................... Sets.]koae

(00O Thoracic integument with pit-like organ at base of gill
......................................................................... brEVI par
Thoracic integument without such organ at base of gill
................................................................................ We_“

(110 Cocoon loosely woven, with many small open spaces
in WebS ........................................................ ChOOChOtei
Cocoon t| ght|y VWOVEI Y eeereeereeesernsenneransctsttusctuiituiseaees 17

(IO Cocoon with an anterolateral flap and a small antero-
lateral window on each side; terminal hooks present

................................................................. digrammicum
Cocoon without such flap and window; terminal hooks
ab%nt ......................................................................... 18

(100 Abdominal segment 8 with spine-combs dorsally-««-+-
............................................................................. nObi |e
Abdominal segment 8 without any spine-comb dor-

Sa”y ............................................................ nigrogi |VUm

[DD G||| Wlth 8f||aments. ................................................... 20
G||| W|th lo f||arnent3' ................................................. 25

[D |:| Cocoon Wall-pOCket—Shaoed ........................................ 21
Cocoon §]0e_shapaj .................................................... 22

(110 Cocoon with an anterolateral window on each side
.................................................................... fenegratum
Cocoon Wlthout any W| ndO\N .......................... rna] ayen$

(IO Cocoon roughly woven anteriorly, leaving some large
open spaces in webs of the anterior collar and many

small open spaces near anterior margin ..................... 23
Cocoon without open spacesin the wehg:««:«s«sssxes- 24

(110 Gill filaments subequal in thickness to one another---
......................................................................... triglobus

Two ventramost paired filaments much thinner than

the Others -+ +weeseeereressmesniniiiniiiiiens chiangmaiense

(IO Basal portion of the dorsalmost filament about 1.4
times as thick as the ventralmost oner««++- chaliowae

Basal portion of the dorsalmost filament about twice as
thick asthe ventralmaost one«««:«s«seseseeeeeses chainarongi

0 Gill filaments arranged in 2+3+3+2 filaments from
dorsal to ventral; al filaments subequal in thickness

1O ONE ANOLhE =++++++++sseeeerrrmenensnnnnccannnns QUI nquestriatum

Gill filaments arranged in 2+2+2+2+2 filaments; 4 or 5
dorsal filaments dightly to markedly thicker than the

(100 Head integument with round tubercles - nakhonense
Head integument with angular tubercles+thailandicum

MATURE LARVAE"
00 Last adomina segment with a distinct accessary
scleriteventrally ......................................... nigrogilvum
Last abdominal segment without any accessary sclerite

0 O Abdomina segments 1-5 (or up to 8) each with 1 or
more pairs of protuberances dorsally or dorsolateraly

Abdominal segments lacking protuberances -« 9

0 O Abdominal segments 1-8 each with 1-6 pairs of protu-
berances dorsally and dorsolatel |y« siripoomense
Abdominal segments 1-5 (or up to 8) each with a pair

of protuberances dorsally or dorsolaterally:«:-«-+- 4

0 O Postgenal cleft very long, its apex reaching the poste-
rior border of NypPOSTOMI UMY« wsseseeseesmsmsmneenennenns 5
Postgenal cleft very long, but its apex not reaching the
posterior border of hypostomium ................................ 6

0 O Pharate pupal gill with 6 filaments:««-««-«seeeseeeee nobile
Pharate pupal gill with 3 filaments:«««-««s«s=-+=: nodosum

0 0O Pharate pupa| giII With 8 filaments:+«=-+++sseeeseerereeseneene 7
Pharate pupal gill with 10 filaments -« wseeseeeeneeeses 8

0 O Abdominal segments 1-6 each with a pair of protuber-
ANCES AOrSal [y -+ weseeseemsessemnsenssussnnsenninnnes chainarongi
Abdominal segments 1-8 each with a pair of protuber-
ances dorsal |y ........................................ chi angmai ense

O O Pharate pupal gill with 10 filaments arranged in 2+3+3
+2 filameEnts: «---eesveerereeeseeessnenerneninannns qui nquestri atum
Pharate pupal gill with 10 filaments arranged in 2+2+2
+2+2 f| |aments. ........................................... nakhonen%

0 O Postgenal cleft moderately widened medially, its great-
est width much larger than the width at base««+-+++ 10
Postgenal cleft not widened or dlightly so medialy, its
greatest width subequa to, or dlightly larger than, the
Wldth at base, ............................................................. 11

(10 Pharate pupa gill with 6 filaments:««:««--++-- chamlongi
Pharate pupa| giII With 8 filaments -+++s-+eereseeesereesecrenna
.......................................... fensestratum and malayense

(100 Abdomen with its greatest width on segment 8-+ 12
Abdomen with its greatest width on segment 6 or 7-++-

(110 Cephalic apotome mostly pale yellow:: -« ««sxsees yongi
Cephalic apotome mostly light to medium brown--++-13

(10 Posterior circlet with 144-160 rows of hooklets:« -+«
.......................................................................... rudnicki
Posterior circlet with ca. 210 rows of hooklets:«+««+«+++
...................................................................... ChOOChOtei

EDD BOdy |0nger than 70 (000 0 RERRCTI T LTI T U PP TOPPRTTLPPRED SUCharlU
Body ShOI’tel’ than 70 (0018 0 SRR L L RO LR 15



(100 Postgenal cleft widely rounded apically::«««ssssseseee 16
Postgenal cleft nearly pointed apically- - wwweee 19
MO Pharate pupal gill with 2 filaments «s«ss«seseseeesee baimaii
Pharate pupal gill with 6 or 8 filaments:«:«-«sesseseeeeees 17
(00 Pharate pupal gill with 8 filaments:«««sssxeesees triglobus
Pharate pupal giII WIth 6 filaments: -+ sssseessressesnenns 18

(110 Body length 5.9-6.4 mm; elongate spot on each side of
postgenal cleft positive; each lobe of rectal organ
with 8-12 finger-like secondary lobules: -+ maenoi

Body length 5.0-5.5 mm; elongate spot on each side of
postgena cleft negative; each lobe of rectal organ
with 14-18 finger-like secondary lobuleg =« «s«ssweseeeee
................................................................. digrammicum

(110 Postgenal cleft of medium size, nearly aslong as wide;
pharate pupal gill with 6 inflated tubular filaments:--
..................................................................... grossifilum

Postgenal cleft long, much longer than wide; pharate
pupal gill with 6 thread-like filamentg«««««s«s«ssseeee: 20

(00O Cephalic apotome yellow, with dark area medially just
in front Of POSLErior Marginy -+« wssssssssessssssssnenns 21

Cephalic apotome pale yellow to pale brown, without
dark areamedialy just in front of posterior margin---

(100 Body color reddish brown; dorsal pair of pharate pupal
gill filaments subequal in thickness to each other:«+-+-
......................................................................... ruﬁ bass

Body color dark grey to greyish black; one of dorsa
pair of pharate pupa gill filaments much thicker than
the counter fl | AMENTeeeeeererererrermmereeesniineenn. Setwkoae

(110 Each lobe of rectal organ with 14-16 finger-like secon-
dary lobules; posterior circlet with ca. 86 rows of
hooklets with up to 17 hooklets per rowy:« -« weji

Each lobe of rectal organ with 7-12 finger-like secon-
dary lobules;, posterior circlet with 70-74 rows of
hooklets with up to 12 or 14 hooklets per row:-=-- 23

D]D Body COI or redd|5h brO\Nn ......................................... tani

Body color dark = brevi par

(* The mature larvae of S. barnesi, S. chaliowae and S. thai-

landicum, which are unknown, are not included)
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Abstract: From 1998 to 2001, using questionnaires, we surveyed the use of travel vaccines among Japanese expa-
triates in developing countries. The percentage of those using more than one type of travel vaccine before depar-
ture increased significantly (45.6% in 1998 to 53.4% in 2001 (p<0.001)). In regions such as tropical Africa and
South Asia, vaccination rates were high. But the increase was most noticeable in East Asia, the Middle East, and
Latin America. Vaccinations against hepatitis A, hepatitis B, and tetanus were high throughout the developing
countries. Vaccinations against yellow fever and Japanese encephalitis were high in endemic regions. Vaccination
rates were slightly higher for typhoid fever in South Asia and tropical Africa than that in other areas. Vaccination
rates for cholera, however, showed yearly declines. These trends seem to reflect a growing awareness among expa-
triates of the benefits of travel vaccines. Even so, nearly half of those living the countries have not received suffi-

cient vaccination, indicating a need for further education.

INTRODUCTION

Global business has resulted in an increase in the num-
ber of Japanese living abroad long-term. According to sta
tistics from the Ministry of Foreign Affairs, the number of
Japanese expatriates in 2002 was 590,000 people, approxi-
mately three times as many as in 1980. Of these, about
200,000 people live in developing countries, and are at risk
of variouslocal infectious diseases[1].

In order to lower the risk of infectious diseases over-
seas, travel vaccine can be administered. However, vaccina-
tion rates tend to be low among Japanese expatriates. Ac-

cording to research by Basnyat from 1997 to 1998 in Kat-
mandu, 95% of Japanese travelers were not vaccinated
against hepatitis A or typhoid fever [2]. Among non-
Japanese people, 90% had been vaccinated against these
diseases. Therefore, we developed a questionnaire-based
investigation to further clarify the situation.

METHODS

Each year, we perform a health consultation service for
Japanese expatriates residing in urban areas of developing
countries. The subjects of this survey were Japanese expa-

Table 1. Number of Japanese who responded to the questionnaire each year

Area Countries 1998 1999 2000 2001
Total 3061 2895 2082 2755
EastAsia China 501 490 466 382
South East Asia Indonesia, Mdaysia, Myanmar 917 823 958 878

Philippines, Thailand, Vietham

Bangladesh, India, Nepal, Pakistan

South Asia Sri Lanka 496 513 521 442
. Bahrain, Egypt, Iran, Morocco, Oman
The Middle East Qatar, Saudi Arabia, Turkey, UAE 539 549 530 587
Tropical Africa  EUMopia Ghana Ivory Coast, Kenya 195 179 145 180
Nigeria, Tanzania
Colombia, Costa Rica, Ecuador
Latin America Guatemala, Mexico. Puerto Rico 322 350 361 286
Panama, Venezuela

Japan Labor Health and Welfare Organization, Japan Overseas Health Administration Center
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triates who responded to the consultation from 1998 to
2001. The research was limited to those 16 years of age or
older. Many of the subjects were employees sent from
Japanese companies, and their families.

From 1998 to 2001, during the consultation, question-
naires were given to the subjects. On the questionnaire, the
travel vaccines were listed, and the subjects were requested
to note the vaccines they had received before departure. Ta
ble 1 shows the number of responses corresponding to the
year they were received.

The list contained the following 10 vaccines: hepatitis
A, hepatitis B, tetanus, rabies, yellow fever, Japanese en-
cephalitis, cholera, typhoid fever, and meningococcal men-
ingitis.

We used the chi-square method to analyze the data.

RESULTS

(2) Total vaccination rate

Table 2 shows the percentage of respondents who re-
ceived one or more types of travel vaccine before departure.
The vaccination rate elevated from 45.6% in 1998 to 53.4%
by 2001. The valuein 2001 is significantly higher than that
in 1998 (p<0.001).

On a regiona basis, in 1998, the vaccination rates in
tropical Africa and South Asia were high and did not vary
much during the period of this survey. On the other hand,
in East Asia and the Middle East, the vaccination rate in

1998 was only about 30%. The subsequent years showed
dramatic increases, and by 2001 both regions showed rates
higher than 45%. In Latin America, the rate also rose from
44.7% in 1998 to 56.6% by 2001.

(2) Individual vaccines vaccination rate

The vaccination rates of individual vaccines excluding
cholera and meningococcal meningitis showed an increase
from 1998 to 2001 (Table 3). In 2001, the rate for hepatitis
A was the highest at 40.3%, hepatitis B and tetanus were in
the 30% range, followed by rabies at 18.2%. The rate for
cholera decreased, coming to 2.1% in 2001, and that for
meningococcal meningitis did not change during the period.

All regions showed increases in rates for hepatitis A,
hepatitis B, tetanus, and rabies (Table 4). In 2001, the rate
for hepatitis A in tropical Africa was highest at 53.9% and
lowest in the Middle East at 30.0%. The rate for hepatitis B
was highest in tropical Africa at 50.6%, lowest in the Mid-
die East at 22.7%. The rate for tetanus was highest in South
Asia a 54.8% and lowest in East Asia at 22.5%. Rabies
was highest in South Asiaat 37.3% and lowest in East Asia
at 3.9%.

For yellow fever, vaccination rates in endemic regions
such as tropical Africa and Latin America were high. In
tropical Africa, rates increased only dightly: from 79.1% in
1998 to 81.1% in 2001. In Latin America, rates increased
more dramatically: from 15.2% in 1998 to 25.9% in 2001.

Vaccination rates were high for Japanese encephalitis

Table 2. Japanese who received one or more types of travel vaccine (1998 to 2001)

1998 (%) 1999 (%) 2000 (%) 2001 (%) P vaue (1998 vs2001)
Total 45.6 48.3 49.2 534 <0.001
By area
East Asia 316 345 35.2 46.6 <0.001
South East Asia 456 436 432 47.8 not significant
South Asia 64.9 67.1 66.0 65.6 not significant
The Middle East 28.9 37.0 40.8 45.0 <0.001
Tropical Africa 86.7 90.0 91.8 86.7 not significant
Latin America 4.7 48.6 54.0 56.6 <0.05
Table 3. Japanese who received travel vaccines (1998 to 2001)
1998 (%) 1999 (%) 2000 (%) 2001(%) Pvalue (1998 vs2001)
HepatitisA 31.0 35.0 36.3 40.3 <0.001
Hepatitis B 24.9 28.3 29.3 34.4 <0.001
Tetanus 29.8 34.1 33.9 38.0 <0.001
Rabies 11.9 16.5 16.5 18.2 <0.001
Yellow fever 7.7 79 8.4 9.5 <0.05
Japanese encephalitis 54 8.9 9.1 10.5 <0.001
Cholera 4.6 34 2.7 2.1 <0.001
Typhoid fever 0.9 15 24 3.6 <0.001
Meningococcal meningitis 20 12 11 1.9 not significant




Table 4. Comparison of vaccine type received by areain 1998 and 2001

Eatasa | CUUES | saunasa | TS TReR | L
Heoatiisa | 1998 | 215 320 478 19.7 46.9 304
€p 2001 | 40.1°°° 37.2° 52.9 30.0°°° 53.9 42.7°°°
Heoatitisp | 1998 | 171 293 371 122 4038 18.9
€ 2001 | 32.5°°¢ 27 43.4° 20.7°0° 50.6 26.2°
Tetenus 1998 | 12.9 262 52.0 21.2 57.7 345
2001 | 22.5°°° 3.1 54.8 342777 54.4 44,8+
Rebics 1998 | 2.7 8.4 296 45 34.2 9.9
2001 | 3.9 15.9°°¢ 37.3° 10.9°°° 356 18.9°°
Vellow fever | 1998 | 00 03 18 37 79.1 15.2
2001 | 0.0 0.2 32 4.4 81.1 25977
Japanese 1998 | 4.4 75 11.9 0.9 10 0.9
encephalitis | 2001 | 8.9° 14.°°¢ 265°0¢ 10 11 14
Cholera 1998 | 2.9 56 56 13 14.8 25
2001 | 1.0 25790 32 1.0 44770 17
. 1998 | 0.2 03 28 0.0 46 03
Typhoidfever | 550 | 0.8 10 10.9°°° 0.9° 16.7°°° 10
Meningococcal | 1998 | 0.2 01 06 13 250 03
meningitis | 2001 | 0.0 0.0 07 22 206 0.0

P value of 1998 vs 2001: ”<0.05""<0.01 “"“<0.001

in endemic regions such as East Asia, Southeast Asia, and
South Asia. In these three areas, the rates showed signifi-
cant increases from 1998 to 2001.

Vaccination rates for typhoid fever in 1998 were low in
all areas, athough 2001 saw dlight increases to 16.7% in
tropical Africa and 10.9% in South Asia. Vaccination rates
for meningococcal meningitis were very low everywhere
except for tropical Africa. Even in that region, there was no
major change from 1998 to 2001.

In al regions, the vaccination rates for cholera de-
creased during the periods of this survey.

DISCUSSION

Infectious diseases are a major health issue for over-
seas tourists and expatriates in developing countries. For
example, Steffen estimated that the infection rate for hepati-
tisA is0.2% for people residing in a developing country for
amonth [1]. In an investigation by Ohara using members
of Japan Overseas Cooperation Volunteers as subjects, the
disease rate forlyear reached 3.9% in 1979 [3]. In a subse-
quent investigation using the same subjects in 1980, the rate
for hepatitis B was 1.09% per year. There have been no
cases of rabies among Japanese expatriates since 1970.
However, according to an investigation by Takayama, from
1990 to 1996, the number of subjects who visited a metro-
politan hospital for post-exposure vaccination of rabies rose
to 93 cases [4]. According to areport by the National Insti-
tute of Infectious Diseases, 44 cases of typhoid fever and 25
cases of cholerawere reported in 2000. There have been no

reports of yellow fever among Japanese travelers, but there
have been cases among European and American travelersin
endemic regions[5].

Travel vaccines are regarded as an effective means of
preventing these diseases [6]. For travelers to developing
countries, vaccination for hepatitis A, hepatitis B, tetanus,
rabies, and typhoid fever are strongly recommended. Also,
vaccinations are recommended for yellow fever in tropical
Africa and South America and for Japanese encephalitis in
Asia

Since we know that the vaccination rate for Japanese
travelers is extremely low [2], we conducted this survey on
Japanese expatriates living in developing countries from
1998 to 2001. The results show that the percentage of peo-
ple receiving one or more types of travel vaccine before de-
parture increased from 45.6% in 1998 to 53.4% in 2001.
The vaccination ratesin tropical Africaand South Asia were
high, but did not increase much from 1998 to 2001. On the
other hand, the vaccination rates in East Asia and the Mid-
dle East, which had been low in 1998, increased dramati-
cally, reaching over 45% by 2001.

Rates for individual vaccinations of hepatitis A, hepati-
tis B, and tetanus were high in al regions, while rates for
yellow fever and Japanese encephalitis were high only in
endemic regions.

During the period of this survey, vaccination rates of
al vaccines excluding cholera and meningococcal meningi-
tisincreased. The rates of hepatitis A, hepatitis B, and teta-
nus dramatically increased in East Asia, the Middle East,
and Latin America. The increase in rabies vaccination rate
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was remarkable in Southeast Asia, the Middle East, and
Latin America. Rates for yellow fever vaccinations peaked
at 79.1% in tropical Africain 1998, with aimost no change
after that. This is perhaps due to the fact that some of the
tropical African countries demanded that travelers submit a
yellow fever vaccination certificate [6]. Presently there is
some doubt about the effectiveness of the cholera vaccine
used in Japan, so it is possible that this caused the vaccina
tion ratesto decrease in all regions[7].

Vaccination rates for typhoid fever and meningococcal
meningitis tended to be low on the whole. This was be-
cause these vaccines were not available in Japan [8]. Butin
2001, the vaccination rate for typhoid fever in South Asia
(10.9%) and tropical Africa (16.7%), and the rate for men-
ingococcal meningitis in tropical Africa (20.6%) were
higher than those in another areas. We assume that Japa-
nese people living in highly endemic regions were able to
find a way to receive vaccinations. For vaccines not mar-
keted in Japan, it is still possible to receive a vaccination if
a doctor privately imports the vaccines. We need to make
this fact better known to Japanese medical personnel.

Looking at the overall picture, the increasing rates in-
dicate a growing awareness among Japanese expatriates and
medical personnel of the benefits of vaccination. However,
nearly half of Japanese people residing in developing coun-
tries are not vaccinated. For short-term visitors, the vacci-
nation rate is probably even lower. In arecent investigation
by Kikuchi, which surveyed a Japanese tourist group visit-
ing tropical Africa, the vaccination rate for yellow fever was
high at 80% [9]. However, the rates of other vaccines such
as hepatitis A and rabies were below 5%. An investigation
on German tourists receiving hepatitis vaccine before going
to developing countries showed a very high rate of 59%
[10].

In summary, it is clear that despite some improvement,
vaccination rates are still aarmingly low among Japanese
travelers. The solution to this problem is better education
and knowledge transfer, both to the travelers who should re-
ceive these vaccines, and to the medical personnel who con-

sult with travelers and administer vaccinations.

ACKNOWLEDGMENT

This study was supported by “The Study on Health
Management and Disease Prevention for Internationa Trav-
elers’ in International Cooperation Research Grant on 2003.

REFERENCES

0 O Steffen R, Rickenbach M, Wilhelm U, Helminger A,
Schar M. Hedth problems after travel to developing
countries. JInfect Dis. 1987; 156: 84-91

O O Basnyat B, Pokhrel G, Cohen'Y. The Japanese need travel
vaccinations. JTravel Med. 2000; 7: 37

0 O OharaH, Ebisawa |, Naruto H. Prophylaxis of acute viral
hepatitis by serum globulin, hepatitis B vaccine, and
health education; A sixteen study of Japan Overseas Co-
operation Volunteers. Am J Trop Med Hyg. 1997; 56:
76-79

O O Tekayama N. Types of rabies vaccines which were lo-
cally injected to the subjects bitten by animals abroad (in
Japanese). JJA Inf D. 1997; 71: 751-755

0 O Centers for Disease Control and Prevention. Fatal yellow
fever in a traveler returning from Venezuelaa. MMWR.
1999; 49: 303-305

O O World Health Organization. Vaccine-preventable dis-
eases, vaccines and vaccination. In: WHO edit. Interna-
tional travel and health. Geneva: WHO; 2003 p85-129.

O O World Health Organization. Cholera vaccines; WHO po-
sition paper. Wkly Epidemiol Rec. 2001; 76: 117-124

0 O HamadaA, Ujita, Okuzawa E. Travel vaccines not mar-
keted in Japan (in Japanese). Progress in Medicine.
2001; 21: 540-544

0 O Kikuchi H, Hitani A, Arai Y, Sano T, Yokota T, Tanaka.
Preventive behavior and morbidity of Japanese tourists
for Africa. Jpn JTrop Med Hyg. 2003; 31: 36

(0O Schunk M, Wachinger W, Nothdurft D.D. Vaccination
status and prophylactic measure of travelers from Ger-
many to subtropical and tropical areas. results of an air-
port survey. JTravel Med. 2001; 8: 260-262



Tropical Medicine and Health Vol. 32 No. 2, 2004, pp. 203-204
Copyright© 2004 by The Japanese Society of Tropical Medicine

DETECTION RATES OF ROTAVIRUSANTIGEN
FROM DIARRHEAL PATIENTSIN LAO PEOPLE'S
DEMOCRATIC REPUBLIC

BOUNNANH PHANTOUAMATH’, NOIKASEUMSY SITHIVONG', LAY SISAVATH’, KHAMPHY EU MOUNNALATH?,
KHAMPHENG CHOMLASAK", SITHAT INSISIENGMAY”, TETSU YAMASHIRG', and MASAAKI IWANAGA"
Accepted 18, February, 2004

Abstracts: The detection rate of rotaviruses from diarrheal stoolsin Lao People’'s Democratic Republic (Lao PDR)
was studied in the period from 1994 to 2003. Rotavirus antigen was detected using latex agglutination kit. The av-
erage detection rate was 2.4%, or 18 of 738 cases examined in total. Rotavirus was not detected from 175 cases ex-
amined in 1995, 1998, 2000 and 2003, but 8 of 85 cases (9.4%) examined in 1997 were positive for rotavirus. The
detection rate was 6.0% in the age group younger than 2 years and 0.6% in the age group older than 2 years. These
detection rates were markedly lower than those in neighboring countries such as Vietnam and Thailand.

Rotaviruses are a major cause of diarrhea in infants
and young children. The infections are also common in
adult. Rotavirus infections are frequently seen throughout
the year in tropical areas, but they are predominant during
the winter season in the temperate zone. On the basis of re-
ported data, the detection rate of rotavirus from pediatric di-
arrhea is about 30% on average] 1-1101 A high frequency
of rotavirus infection has been reported in Vietnam and
Thailand, countries neighboring Lao PDR. Some reports
show that the detection rate of rotavirusin pediatric diarrhea
was 50 to 60% in Vietnam and 30 to 40% in Thailand

0 3,7,80 Although available from many other countries, no
data on the detection frequency of rotavirus from diarrhea
stools has been reported from Lao PDR. In the present pa-
per, therefore, we present the detection rate of rotavirus
from the stools of diarrheal patients in Lao PDR over the
past decade.

Stool samples submitted to our Laboratory (Center for
Laboratory and Epidemiology, Ministry of Health, Lao
PDR) for analysis of enteropathogens from a number of
hospitals and clinics in Vientiane were examined. The sam-
ples were collected from diarrhea patients in the period
from 1994 to 2003. All samples were taken in plastic con-
tainers, and a total of 738 stool samples were examined.
Rotavirus was detected using acommercially available latex
agglutination kit (MICROGEN, Bioproducts LTD., England
UK). Weatery stools were directly treated with an equal vol-
ume of extraction buffer included in the kit. Muddy stools
were first diluted double with normal saline solution and

100 pl of the diluent was treated with 100 pl of extraction
buffer. The treated samples were centrifuged at 10,000 rpm
for 5 min. A drop of the sensitized latex solution was placed
at 3 places on the specia sheet (black background) for the
agglutination test. A drop of positive and negative control
solution was added to the first and second latex, respec-
tively, and adrop of stool supernatant was added to the third
latex. Each sample was mixed well using a toothpick and
then gently tilted several times. Agglutination was visually
observed.

The detection rate of rotavirus from diarrheal stools
was generaly very low. Only 18 of 738 cases examined
over the past 10 years were positive for rotavirus (2.4%).
No positive case was found among the 175 cases examined
in 1995, 1998, 2000 and 2003. The highest positive rate was
observed in the 1997 samples, but this was still lower than
10% (Table 1). Rotavirus was mainly detected in the
younger age group, a finding consistent with other reports.
In the age group younger than 2 years, 15 of 250 cases ex-
amined (6.0%) were positive, but in age group older than 2
years, the positive rate was 0.6%, or 3 of 488, which was
one-tenth that of the former group (Table 2). In spite of this
fact, high infection rates such as 30 to 60% of pediatric di-
arrhea were reported in Vietnam and ThailandO 3,7,80
countries neighboring Lao PDR. Although the reason for
the low infection rate in Lao PDR is unclear, population
density, which is markedly lower in Lao PDR than Vietnam
and Thailand, may influence the infection rate. If person to
person infection is the main infection route of rotavirus,

1) Center for Laboratory and Epidemiology, Ministry of Health, Vientiane, Lao PDR
2) Department of Social and Environmental Medicine, Institute of Scientific Research, Oita University, Oita, Japan
3) Division of Bacterial Pathogenesis, Department of Microbiology, Graduated School of Medicine, University of the Ryukyus, Okinawa, Japan



Table 1. Detection rate by year

Year No. examined No. positive (%)
1994 84 1(11)
1995 67 0
1996 113 2(1.8)
1997 85 8(9.9)
1998 24 0
1999 32 1(31)
2000 21 0
2001 84 1(11)
2002 165 5(3.0)
2003 63 0
Total 738 18 (2.4)

Table 2. Distribution by age group

Age group (year) No. examined No. positive (%)
1> 143 9(6.2)
1-2 107 6 (5.6)
2-5 59 0
5-15 42 123
15< 387 2(0.5)
Total 738 18(2.4)

population density may play an important role in the
spreading of the disease. According to areport in 19941 40]
rotavirus infection rate among children was 0.96% (16 of
1,668) in New Caledonia where the population density is
lower than in Lao PDR. The detection method used in the
present study may also have contributed to the low detec-
tion rate. A comparative study on the ability of commer-
cialy available ELISA kits and RPLA Kits to detect rotavi-
rus in stools revealed that the sensitivity was about 88% in
ELISA and 70% in RPLAO 1201 The studies in Thailand
and Vietnam used ELISA while the present study in Lao
PDR used RPLA to detect rotavirus. Most samples in the
present study were collected in the dry season, and there
seems to be some seasonal variation on the detection rate.
Rotavirus is antigenicaly classified into 5 groups, A to E.
These groups have independent RNA. Type A rotavirus is
the most prevalent in humans throughout the world, but in-
fections with type B and C have also been reported 9,100
Therefore, non-type A rotavirus should also be considered
when discussing the infectionsin Lao PDR.

The present paper briefly reported the distribution of
rotavirusin Lao PDR summarizing the accumulated |abora-
tory data. Since the epidemiological information from this
country has been very limited, the data will contribute to
discussions on the worldwide epidemiology of rotavirusin-
fection.
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Table. 1 RFP MICs, RpoB amino acid substitutions, and
PFGE patterns of Rhodococcus equi detected from

AIDS patients
Strain RFPMIC Amino acid substitution PFGE
No. (ug/ml) (E. coli numbering) patterns
1 >128 Ser 531 Trp Al
2 >128 His 526 Tyr B
3 64 Ser 531 Trp A2
4 8 Ser 509 Pro C
5 0.5 None D
6 0.5 None D
7 0.5 None E1l
8 0.5 None E2
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0 O Watanabe, H., N. Asoh, K. Hoshino, et al. 2003. Antimi-
crobial susceptibility and serotype distribution of Strepto-
coccus pneumoniae and molecular characterization of
multidrug-resistant serotype 19F, 6B, and 23F pneumococci
in Northen Thailand. J. Clin. Microbiol. 41: 4178-4183.

00O Asoh, N., H. Watanabe, M. Fines-Guyon, et a. 2003.
Emergence of rifampin-resistant Rhodococcus equi with
several types of mutations in the rpoB gene among AIDS
patientsin Northern Thailand. J. Clin. Microbiol. 41: 2337-
2340.
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Figure1l Prevalence of Opisthorchisinfection in 3 villages.
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Figure 2 Ultrasonographic hepatobiliary findings in case of Opisthorchis infection: 2-A and 2-B showed
dilatation of intrahepatic bile duct (arrow) and intrahepatic enhanced echoes, respectively.
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Table1l Intensity distribution of liver fluke egg counts (EPG,
eggs per gram of feces) of the examied cases over
the age of 20 in 3 villages.

EPG group Sisomsouen Phavang Thakhek Neua
0 33(35.1) 31(24.8) 15(20.0)
1-1,000 49(52.1) 54(43.2) 28(37.3)
1,000-6,000 12(12.8) 37(29.6) 26(34.7)
>6,000 o( 0 3( 2.4) 6( 8.0)

The number in parentheses indicates the proportion of the examined cases.

ooboooooboooobooobooooboerPcGOOn g
OO0000o0ooo0oooooUD TebeD DO OOOO
O000O0000 Thakhek NevaO OO OO OOOOOO
gbobobooooooooboboon

oobooooooa
cooboboooobooooobooOooobcoobooooo
oobooooooOooobooooobobobooooonoon
00000000 Tebled OO O0O0O0ODOOOODBODOOO
oobooooooooobobooooooooobooDo
oobooooooooobooobooooooooooon
obooooooooobooobooooooooooon
gobooooooooobooooboooo
ooooOoOoOoOoOoOoOoOoObooOooooOoboOO Fgured
oobooOobooooobooo@mooooooooon
ooboooooboooomomoboooooooooon
ooboooooboooobooooooooooboooono
ooooooooo
gooboooooooooooooooooooooo
ooboooboomndighOoooooooooooon
gobooooooooobobooooooooooOooono
oobooooooOoooooOooboOoobooooooOoboOooono
ooboooooooooboobooobooono
cooboboooobooooooboooooboooobooooo
ooMmoobooooooobobooooooomobo
oobooooooooobobooooooooobooDo
goboooooboooobooobooooooooooon
gobooooooooobooobooooooooooon
goooo



N

Table 2 Prevalence of ultrasonographic hepatobiliary findings of the group who provided a stool sample and those who were

examined by ultrasound.

Eqgg positive (91 cases) Egg negative (46 cases)

Examined group Ultrasonographic findings Number of cases Mean egg count Number of Cases
(perlgram feces)
Asymptomatic residents  Normal 20 (54.1)" 1721 11 (68.8)
(n=53) Intrahepatic enhanced echoes 9(24.3) 1986 4(25.0)
Gall-bladder abnormality 1(27) 333 0o( 0
Gall-bladder sludge and stones 3(8.1) 1526 2(12.5)
Dilatation of intrahepatic bile ducts 12 (32.4)' 1315 o( 0
Symptomatic patients Normal 17 (315" 3456 18 (60.0)
(n=84) Intrahepatic enhanced echoes 18(33.3) 3698 8(26.7)
Gall-bladder abnormality 1(1.9 3666 1( 33
Gall-bladder sludge and stones 6(11.0)" 1030 o( 0
Dilatation of intrahepatic bile ducts 28 (51.9)"* 2808 7(23.3)

The number in parentheses indicates the proportion of the findings that was detected by ultrasound examination.
“p<0.005 and " p<0.001, compared to egg negative group; * p<0.001, compared to asymptomatic group
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PREVALENCE AND ULTRASONOGRAPHIC HEPATOBILIARY
FINDINGS OF LIVER FLUKE, OPISTHORCHISVIVERRINI, IN LAOVILLAGES

TAKASHI SHINZATC’, BOUAKHAM VANACHONE’, CHANTAVILAY RATTANAVONG',
HIROKI NAKASONEY, KEI MIYAGF, JUN KOBAYASHF

Abstract: Infection with the liver fluke, Opisthorchis viverrini, remains amajor public health problem in Lao PD.
R. Cholangiocarcinoma caused by the liver fluke is the most common form of liver cancer in Northeast Thailand
where an about 60 to 70% of the population are infected with the fluke. The parasite is also common to the low-
lands of Lao among people with close ethnic ties to northeast Thai, but the prevalence and incidence of the infec-
tion in Lao are till not uncertain. The objective of our report is to investigate the prevalence of chronic infection
with O. viverrini and to identify chlanginocarcinoma within a population-based survey of the infection in Lao.
Stool samples from 670 residents (0-87 y.0) from 3 villages in Khammouane Province were examined for intensity
of liver fluke infection. People from varying egg count categories were selected for ultrasound examination to iden-
tify hepatobliary disease. Patients coming to provincial hospital with abdomina symptoms were examined in the
same way as the residents were done. The rate of the parasite was 56% among the residents and reached up to 73%
in age group greater than 20 years old. The parasite was found even in 20% of age group below 5 years. Only one
subclinical case of cholangiocarcinoma were diagnosed among 137 people, based on ultrasonographic evidence.
Dilatation of intrahepatic bile ducts and Gall-bladder sludge and stones were observed higher within the moderate
and heavy liver fluke-infected group. This survey suggests prevalence of the liver fluke is higher than previously
thought, and that the intensity of the parasite might be related with the formation of hepatobiliary lesion. although
it could not elucidate the relation with cholangiocarcinoma.

“Division of Infectious Diseases, Department of Internal Medicine, Graduate School and Faculty of Medicine, University of the Ryukyus, Japan,
“Center of Malariology, Parasitology and Entomology (CMPE), Ministry of Health, Lao PD.R.,"Khammouane Province Hospital, Lao PD.R.,
and"Division of Tropical Parasitology, Department of Social and Environmental Medicine, Faculty of Medicine, University of the Ryukyus (Cur-
rent address. Expert Service Division, Bureau of International Cooperation, International Medical Center of Japan)
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Table 2: 8 cases diagnosed Dengue between July 2000 and May 2003.
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Dengue and Dengue haemorrhagic fever.
KUNIKO YOSHIDA

Abstract: Dengue fever is an important health problem for travelers to al endemic countries. Dengue virus which
has four major serotypes is transmitted by the mosquito, Aedes aegypti. New infection with a particular serotype
causes antibody-dependent enhancement. Dengue fever causes negligible mortality, but re-infection to the other
serotype leads to the risk of developing the significantly more dangerous dengue haemorrhagic fever (DHF) and
dengue shock syndrome (DSS). We reviewed 8 cases who were consulted to our clinic after returning from tropical
and subtropical countries and diagnosed Dengue between July 2000 and May 2003. 3 cases were male and 5 were
female whose mean age was 25.7 years old. 5 cases from Southeast Asia, 2 from Central America and1from Oce-
ania. To differentiate dengue cases, clinical evaluation and laboratory diagnosis were used. 7 cases (87%) com-
plained high fever at the first examination. The most common presenting features of Dengue were thrombocy-
topenia (87%) and leukopenia (75%) in laboratory. Clinicaly, high fever (87%), rash (72%), myalgia (50%), head-
ache (25%), pain in orbit (13%), visua impairment (13%) were inspected. Those who complained visual impair-
ment were pointed as hemorrhage in the eyeground. The dengue cases were classified as dengue fever (3 cases,
37.5%), DHF (5 cases, 62.5%), and no DSS. With serological confirmation, primary antibody response was ob-
served in 6 cases (75%), Dengue virus isolation were done for 5 cases, 4 (80%) were positive. Dengue serotypes
were 2 cases were typel, 1 was type 2 and 1 wastype 4. The prevaence of dengue fever appearsto be increasing in
travelers, which calls specia attention for health care professionals. The clinical presenting features provide im-
portant guides to establishing the diagnosis.

AIDS Clinical Center,
International Medical Center of Japan, Japan.
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Table 1. Countries and areas where enteric infections
were acquired during international travel:Yok-
ohama Municipal Citizen's Hospital, between
1 January 2001 and 30 June 2003

Country and area

No. of cases (%)

Asia

Indonesia M m
Thailand EE| m
India mN m
Vietnam mN amn
Cambodia m Omm
China M amm
Maaysia ad O
Philippines O oo
Nepal O i
Korea O O
Hong Kong ad (i
Taiwan O am
Other countries HN| Omm
Subtotal [N m
Africa M m
Latin America M am
Australia/Pacifics O Omm
Other areas ad amm
Total * RN mERli

O Totd patients 307, including multiple-country visitors 10
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Table 2. Causative agents of enteric infections among interna-
tional travelers:Yokohama Municipal Citizen's Hospi-
tal, between 1 January 2001 and 30 June 2003

Infectious agent No. of strains (%)
Bacteria

Shigella species* M m
Diarrhogenic E. coli T [mE| R
Campylobacter jejuni [mN| 1
Campylobacter coli a am
Nontyphoidal Salmonellat N m
Salmonella Typhi g gm
Salmonella Paratyphi A ad am
Plesiomonas parashigelloides a am
Vibrio parahaemolyticus O Om
Aeromonas hydrophila gd gm
Subtotal oo mom
Parasites

Giardialamblia M om
Cryptosporidium g gm
Metagonimus yokogawai g gm
Others§ un| om
Virus

SRSV g o
Total oo aom

[ Ssonnei 23, Sflexneri 6, Shigella UT 1
T ETEC (06) 9, etc
F Serotypes O76, 084, 094, O3 & 103
§ Trichuristrichura ova2,
Taenia saginata 2,
Strongyloides stercoralis 1,
Ancylostoma oval,
Heterophyes 1,
Endolimax nana 1,
lodamoeba buetschlii 1,
Pentatrichomonas hominis 1

133 cases were positive for causative infective agents out of

307 patients, and 149 strains were isolated, including 15 cases
of multiple infections
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O O International travel and health: vaccination requirements and
health advice: situation as on 1 January 2001, World Health
Organization, Geneva

0 O Ryan, E.T. and Kain, K.C. (2000): Hedlth advice and immu-
nizationsfor travelers. New Engl. J. Med., 342, 1716-1725



Traveler’'sdiarrhea

TAKUYA ADACHI

Abstract: Diarrheais by far the most common health problem encountered with travel to developing countries.

298 cases of traveler's diarrhea and 9 cases of typhoid and paratyphoid fever were summarized as intestina infec-
tion. All patients were affected with either diarrhea or enteric fever during or shortly after their trip overseas and
visited the Department of Infectious Diseases at Yokohama Municipal Citizen's Hospital from January 2001 to
June 2003.

The most common countries of disease acquisition were Indonesia (20%), Thailand (16%), and India (14%). 82%
of all cases were acquired in Asian countries.

From 133 among 307 patients (43%), 149 strains of causative agents were identified. The leading causes were
Shigella (20%), diarrhogenic Escherichia coli (17%), Campylobacter (15%), nontyphoidal Salmonella (11%), and
Salmonella Typhi and Paratyphi A (6%). 80% of causative agents were bacteria. Protozoa and parasites were less
likely causes, accounting for 19% of infection, including 9% of giardiasis.

The most important factor in treating diarrhea is the replacement of lost fluids. Antibiotics are usually not required
with acute watery diarrhea, which are usually self-limited with supportive treatment. If blood occurs in the stool, or
if there is fever, empiric antibiotic therapy should be considered. A short course of fluoroquinolone can be consid-
ered in such cases.

There have been increasing cases of enteric fever with decreased susceptibility to fluorogquinolones. Resistance to
nalidixic acid on disk diffusion susceptibility testing and clinica fluoroguinolone treatment failure are the key find-
ings of decreased susceptibility strains. Intravenous administration of a third generation cephalosporin in addition
to fluoroquinolones is useful to treat such resistant strains.

Thereisatendency that the longer the traveler stays abroad the greater the risk isto acquire enteric fever or intesti-
nal parasite infection.

Attention to food and beverage preparation can decrease the likelihood of developing traveler’s diarrhea. Bacterio-
logical stool test isincredible for appropriate diagnosis and treatment.

Department of Infectious Diseases, Yokohama Municipal Citizen's Hospital
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0 O Center for Disease Control and Prevention (2001): Hesalth Infor-
mation for the International Travel 2001-2002: US Department
of Health and Human Services, Public Health Service, Atlanta

0 O World Health Organization (2002): International Travel and
Health, Geneva

0 O World Health Organization (2003): Consensus document on the
epidemiology of SARS, Geneva
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