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EVALUATION OF AN OGAWA MYCOBACTERIUM
CULTURE METHOD MODIFIED FOR HIGHER SENSITIVITY

EMPLOYING CONCENTRATED SAMPLES

DAVID LUBASI, CHARITY HABEENZU and SATOSHI MITARAI

Accepted 9, January, 2004

‥Abstract: Two egg-based culture media were evaluated for detection of mycobacteria with Lowenstein-Jensen (L-
J) as a gold standard. The conventional culture method was modified to improve laboratory diagnosis of tuberculo-
sis in resource scarce countries by employing an inexpensive but sensitive and specific culture method. Sputum
samples were collected from pulmonary tuberculosis suspects who visited the chest clinic at the University Teach-
ing Hospital in Zambia. These samples were processed using three different sample treating procedures (with or
without sample concentration) and cultured on L-J and Ogawa media for mycobacteria isolation. A total of 276
sputum samples were collected from 138 pulmonary tuberculosis suspects. When the L-J result was used as a stan-
dard, the sensitivity of Ogawa and modified Ogawa was 81.7% and 90.3% respectively. Similarly, the specificities
of those methods were 96.7% and 92.3% respectively. In total, 90 samples (32.6%) were smear positive and 108
(39.1%) were culture positive. The positivity of each culture method was as follows: 93 (33.7%) in L-J, 98
(35.5%) in modified Ogawa, and 82 (29.7%) in original Ogawa. The contamination rate was 1.1%, 5.1%, and
9.8% for L-J, Ogawa and modified Ogawa respectively. The Ogawa culturing method is economical, simple and
quick. Its low sensitivity was overcome by employing the concentration method, the sensitivity significantly im-
proving from 81.7% to 90.3%. Ogawa techniques are ideal in overburdened TB laboratories with poor resources in
developing countries.
Key words: Ogawa, culture, tuberculosis, and developing country

INTRODUCTION

Tuberculosis is still one of the main public health
problems in most developing countries. Global estimations
indicate that approximately 8 million new cases of active tu-
berculosis are notified every year and that 2 million people
die of tuberculosis every year (Davies et al., 1996). Inci-
dences are rising in most parts of the world, especially in
developing countries where the epidemic of human immu-
nodeficiency virus (HIV) has had the effect of increasing
the number of tuberculosis cases. These countries, apart
from facing an increased incidence of tuberculosis, are also
overburdened with other HIV and non-HIV related prob-
lems including depressed economies from drought, famine
and the effects of a worldwide recession (Mwinga, 1994).
In Zambia, tuberculosis (TB) is one of the major causes of
mortality among adults, accounting for 13% of all adult
deaths (ZAMBART, 1999). Incidence of TB countrywide
has risen five fold from 100 per 100,000 population in 1980
to approximately 500 per 100,000 population in 1996, mak-
ing Zambia a country with one of the highest incidences of
TB in the world (NASTL, 1996; NTP, 1996; WHO, 2002).

The conventional microscopy for acid-fast bacilli
(AFB), which 99% of the country’s health services provide,
is rapid in obtaining results but it has a relatively low sensi-
tivity. The culture method with egg-based media is a con-
ventional way of isolating mycobacteria, but it is time con-
suming. Recently, the results of radiometric and non-
radiometric BACTEC/MGIT systems demonstrated that
they are more efficient in the recovery of mycobacteria
(Zanetti et al., 1997). However, they are far too expensive
for most developing countries. L-J is the standard method
for the culture of mycobacteria in Western countries. Ogawa
was developed as an inexpensive alternative but proved to
have a relatively low sensitivity as compared to L-J (Ogawa
et al., 1960). Thus, the Ogawa method employing concen-
trated samples (modified Ogawa) may be a better alternative
even though it may produce a higher contamination rate. In
this study we compared the sensitivity of Ogawa and modi-
fied Ogawa cultures with that of L-J to evaluate the useful-
ness of the modified Ogawa method.
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MATERIALS AND METHODS

Clinical samples
One hundred and thirty eight patients with suspected

pulmonary tuberculosis visiting the chest clinic at the Uni-
versity Teaching Hospital in Lusaka, Zambia submitted 2
early morning sputum samples consecutively. Smears were
prepared by taking a purulent portion of the sputum and
smearing it on labelled slides. The slides were air-dried,
heat fixed and stained by the standard auramine-phenol
method. These smears were examined by fluorescent mi-
croscopy (x200). All procedures were performed by one
designated technologist.
Culture methods

Each medium was prepared to standard protocol. (Ta-
ble1) For the L-J method, the sputum samples were decon-
taminated by adding 3 volumes of 4% sodium hydroxide
(NaOH) to one volume of sputum and incubating at 37°C
for 15 minutes. They were then centrifuged at 3,000 g for
15 minutes. After disposing the supernatant by decantation,

approximately 10 ml of distilled water was added to neu-
tralise the sodium hydroxide. The samples were centri-
fuged again under the same conditions and the supernatant
was decanted. Exactly 0.2 ml of deposit was inoculated
onto L-J slope. The inoculated slopes were incubated at
37°C until growth was observed or for up to 8 weeks.

For the Ogawa method, the samples were decontami-
nated and homogenised by mixing one volume of sputum
with 3 volumes of 4% sodium hydroxide and incubated for
15 minutes. Then, 0.2 ml of mixture was inoculated onto
3% Ogawa slopes. The inoculated slopes were incubated at
37°C until growth was observed or for up to 8 weeks.
Modified Ogawa method

The clinical samples were decontaminated and homog-
enised in the same way as mentioned above. They were
centrifuged at 3,000 g for 15 minutes and the supernatant
was disposed by decantation. Then 0.2 ml of deposit was
inoculated onto 3% Ogawa slopes without neutralisation.
The inoculated slopes were incubated at 37°C until growth
was observed or for up to 8 weeks.
Reading of cultures

Cultures were read once a week for any growth. The
culture tubes that showed positive growth were removed for
identification and report. The contaminated cultures were
removed and recorded.
Statistical analysis

The sensitivity, specificity, and positive and negative
predictive values were compared among original 3% Ogawa,
modified Ogawa and L-J cultures. The values for each
method with their 95% confidence intervals (CI) were cal-
culated using EpiInfo version 6.03.

RESULTS

A total of 276 samples from 138 pulmonary tuberculo-
sis suspects were examined. With regard to smear results,
186 (67.4%) were negative but 90 (32.6%) were positive.
The breakdown of positives was 14 (5.1%), 12 (4.3%), 3
(1.1%) and 61 (22.1%) for scant, 1 +, 2 +and 3 + (WHO
standard) respectively. As for smear negative samples, eight
patients showed discrepant culture results between the two
consecutive samples. Six of the eight patients had a few
colonies of positive cultures on each tube while the other
two showed higher positives. No patient showed discrepant
culture results in a pair of smear positive samples. Among
the 90 smear positives, 80 (88.9%) samples were culture
positive, while 28 (15.1%) of 186 smear negative samples
were culture positive.

A total of 108 (39.1%) samples were found culture
positive overall. In the culture positives, 93 (33.7%), 82
(29.7%) and 98 (35.5%) were detected by the L-J, original

Figure 1. The interrelation of culture results among the three methods

Table 1. Composition of L-J and Ogawa medium

Component L-J Ogawa

Potassium dihydrogen phosphate 1.2 g 9.0 g

Magnesium sulphate 0.12 g －
Magnesium citrate 0.3 g －
Sodium glutamate － 3.0 g

L-asparagine 1.8 g －
Glycerol/Sodium pyruvate 6.0 ml/3.6 g 18.0 ml/－
Distilled water 300 ml 300 ml

Malachite green (2%) 16 ml 18 ml

Egg homogenate 500 ml 600 ml

Benzyl penicillin (1,000,000 IU/ml) 1 ml －
The above measurements were conducted on 100 tubes of each type of me-
dia, each 12 ml capacity tube containing 7 ml of media. The mineral salts
were autoclaved at 115°C for 15 minutes. The egg homogenate and benzyl
penicillin (as for L-J) were added asceptically after cooling to about 40°C.
The media was then coagulated at 90°C for 60 minutes after dispensing.
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3% Ogawa and modified Ogawa method respectively. (Ta-
ble2) The isolation sensitivity was not significantly different
among these three methods. Seventy-two samples (26.1%)
were positive in all three methods. Five samples were cul-
ture positive by the L-J method only with contaminations of
other methods. One and 9 samples were positive only by
3% Ogawa and modified Ogawa respectively. Four samples
were positive by both the L-J and 3% Ogawa method.
Twelve samples were positive by the L-J and modified
Ogawa method, and another 5 were positive by 3% and
modified Ogawa method. The interrelation is shown in Fig-
ure1. In total, the discrepant culture results were obtained in
54 of 276 (19.6%) samples tested using these three methods.
If the contamination is included into negative culture results,
the discrepancy was 8.0% (22/276).

The contamination rates were 1.1% (3 of 276), 5.1%
(14 of 276) and 9.8% (27 of 276) in the L-J, 3% Ogawa and
modified Ogawa method respectively. There were statisti-
cally significant differences between the L-J, and the 3%
and modified Ogawa methods (p＝0.0114 and p＜0.0001
respectively). There was no difference between 3% Ogawa
and modified Ogawa (p＝0.0514). The major contaminant
was fungus. There was no tendency to find contaminated
results in the samples treated on a specific day.

DISCUSSION

In this study, we evaluated three culturing methods
with two egg-based solid media for the detection of M. tu-
berculosis . Despite the high incidence of tuberculosis
(WHO, 2002), the developing countries in Sub-Saharan Af-
rican region have few diagnostic centres that employ culture
techniques in the detection and recovery of mycobacteria
from clinical samples. In Zambia, for example, there are
only two centres that employ culture techniques in the diag-
nosis of tuberculosis. In these countries, the lack of culture
services in the diagnosis of tuberculosis can be attributed to
the scarcity of medical resources.

The L-J method has been the standard technique of re-

covering mycobacteria from clinical samples in African
countries. The L-J method requires three steps for sample
preparation, i.e. decontamination, concentration, and neu-
tralisation. It takes approximately 30 minutes for comple-
tion. On the other hand, the Ogawa method takes approxi-
mately half the time of L-J for sample preparation with de-
contamination only. This means that Ogawa is simple and
quick. Additionally, from the aspect of economy, Ogawa is
less expensive than L-J because of it requires few ingredi-
ents. However, the major disadvantage of Ogawa is its rela-
tively low sensitivity due to the non-concentration of sam-
ples. The sensitivity of smear and culture for the detection
of mycobacteria is improved by sample concentration
(Apers et al., 2003). But, there has been no attempt to in-
troduce the sample concentration step to the Ogawa method.
In the present study, the sensitivity of Ogawa was improved
by adopting the concentration step in the procedure of sam-
ple preparation. The improved sensitivity of Ogawa method
was equal to or higher than that of the L-J method. It proved
effective to employ the sample concentration procedure as a
way of increasing the sensitivity of the Ogawa method, and
this modification should be adaptable to the conventional
Ogawa method without any complication.

The disadvantage of sample concentration in the
Ogawa method as compared to the conventional method is
the increased possibility of contamination. The contamina-
tion rate was not significantly different between the conven-
tional and modified Ogawa method, although it was higher
in the 3% Ogawa and modified Ogawa methods as com-
pared to the L-J method. The higher rate of contamination
may be attributable to the shorter exposure time to sodium
hydroxide for decontamination because no neutralisation of
sodium hydroxide is required in the Ogawa procedure. The
non-use of penicillin will also contribute to the higher rate
of contamination in the 3% Ogawa and modified Ogawa
method as compared to the L-J. Additionally, the contami-
nated samples were mainly seen in one batch of samples.
Some reagents might be contaminated by fungi, although
no contamination was seen in the L-J at the same period.
Another possible, probably major, reason is that the tech-
nologist was not practiced in the Ogawa method because
the Ogawa method is not implemented widely in African
countries. However, the technologists are familiar with the
L-J method, which requires the concentration step for sam-
ple preparation. The contamination rate will undoubtedly
be reduced by further practice. Therefore, when a labora-
tory attempts to introduce the modified method, avoiding
additional workload and cost, it is advisable to employ the
method as indicated in this study. It is also advisable to in-
troduce this method to a new laboratory because of its sim-
plicity.

Table 2. Comparison of sensitivity of Ogawa with the modified
‥Ogawa and Lowenstein-Jensen method on the basis of

sample number

L-J method

Positive Negative Total

Ogawa Positive
Negative or contamination

76
17

6
177

82
194

Total 93 183 276

Modified
Ogawa

Positive
Negative or contamination

84
9

14
169

98
178

Total 93 183 276
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Several recent reports have highlighted the low positiv-
ity of sputum examination in HIV positive patients. Zam-
bian tuberculosis patients also showed low sputum smear
positivity in HIV positive patients in past studies (Elliott et
al., 1993 and Johnson et al., 1997). The implementation of
the culture method will increase the isolation of mycobacte-
ria, without any advanced technologies even in HIV epi-
demic areas. Then, it is important to choose an economical
and sensitive culturing method.

A definitive diagnosis of tuberculosis is still dependent
on the isolation of Mycobacterium tuberculosis by culturing.
Although the culture on solid media is inexpensive, it is
time consuming and low sensitive (Somoskovi and Magyar,
1999). Although the liquid medium-based radiometric and
non-radiometric systems have reduced the recovery time of
mycobacteria and have improved the sensitivity of recovery,
the cost of these systems is beyond the reach of most devel-
oping countries (Pfyffer et al., 1997 and Pfyffer et al., 1997).
As a compromise, a slightly cheaper egg-based culture tech-
nique, the modified Ogawa, could be employed in the rou-
tine diagnosis of tuberculosis in developing countries where
resources are scarce.
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FURTHER EVIDENCE THAT GENOTYPE I AND GENOTYPE II OF
CRYPTOSPORIDIUM PARVUM ARE DISTINCT
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Abstract: Three new genes of Cryptosporidium parvum were cloned, including a gene encoding methionine
aminopeptidase, one encoding chaperonin containing T-complex protein 1 delta (TCP-1 delta) and one with un-
known function. DNA sequence analysis indicated that these genes are quite conserved, but there were some base
pair differences between genotype I and genotype II isolates. These differences were confirmed by PCR-restriction
fragment length polymorphism (PCR-RFLP) analysis of the 3 genes from 41 isolates collected from different hosts
and geographical origins. In brief, the band patterns generated by endonuclease Hind III or Hinf I restrictions of
the gene of methionine aminopeptidase, Sac I restriction of the gene of chaperonin, or Ava II restriction of the un-
known gene could differentiate the isolates of C. parvum into genotype I and genotype II. PCR primers based on
these genes amplified only C. parvum genes. Even a single oocyst was detectable with these PCR primers. Thus
the results provided further evidence that genotype I and genotype II are distinct, and our three new primers can be
used to detect and characterize C. parvum isolates with high sensitivity.
Key Word: Cryptosporidium parvum , methionine aminopeptidase, chaperonin, genotype, PCR-RFLP

INTRODUCTION

An intestinal protozoan parasite, Cryptosporidium par-
vum is the major causative agent of cryptosporidiosis in hu-
mans and livestock. Outbreaks of human cryptosporidiosis
are often caused by the contamination of water supplies
with this parasite throughout the world. Because of the epi-
demiological importance, it is desirable to develop a sensi-
tive detection technique for this parasite and accurate ge-
netic classification.

To this end, many efforts have been made to character-
ize isolates of C. parvum in the past decade. The difference
in virulence, infectivity, pathogenesis and drug sensitivity
has indicated that C. parvum is not a uniform species or
monophyletic (Morgan et al., 1999a; Okhuysen et al.,
1999; Pereira et al., 2002). The present working hypothesis
is that C. parvum is composed of two main genotypes,
genotype I and genotype II. Genotype I (human genotype
or anthroponotic genotype) is exclusively found in humans,
while genotype II (bovine genotype or zoonotic genotype)
was first found in cattle and has also been found in a wide
range of mammals, including humans. Some other host-
adapted-genotypes have been also found among C. parvum
isolates, such as the pig, dog and mouse genotype (Morgan
et al., 1999b; Sulaiman et al., 2000; Xiao et al., 2000a)

With the enormous development of gene technology,
gene diversities between genotype I and genotype II have

been reported. The evidence includes sequence and/or
PCR-RFLP analysis of several gene loci, such as 18S rRNA
(Morgan et al., 1997; Xiao et al., 1999), COWP (Spano et
al., 1997; Xiao et al., 2000b), HSP70 (Gobet and Toze,
2001; Sulaiman et al., 2000), TRAP (Spano et al., 1999;
Sulaiman et al., 1998), and/Cpgp40/15 (Wu et al., 2003).

In the present study, we cloned 3 new genes of C. par-
vum adapting our previous method to design PCR primers
from random amplified polymorphic DNA (RAPD), and
further confirmed the distinctness between genotype I and
genotype II of C. parvum by the sequences and PCR-RFLP
analysis of the isolates from different hosts with different
geographical origins.

MATERIALS AND METHODS

Parasite isolates
Forty-one isolates of C. parvum were used. The details

were published in our previous paper (Wu et al., 2003).
The host and geographical origins are shown in Table 1.

All fecal samples were preserved in 2% K2Cr2O7 and
oocysts were isolated using a sucrose flotation method. The
samples were refined, contaminated micro-organisms being
reduced to a minimum level using an immuno-magnetic
separation kit (Dynabeads anti-Cryptosporidium , Dynal A.
S., Oslo, Norway).

Oocyst DNA was isolated by the method described

Tropical Medicine and Health Vol. 32 No. 1, 2004, pp. 5-14
Copyright� 2004 by The Japanese Society of Tropical Medicine
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previously (Wu et al., 2000). In brief, oocysts were frozen
and thawed repeatedly 5 times, treated at 100°C for 20 min,
and then the samples were digested with proteinase K at a
final concentration of 200 µg/ml at 55°C for 3 hours. The
reaction was stopped by heating at 95°C for 5 min. The
treated samples were then directly used as a template for
PCR.

Development of PCR primers
PCR primers were produced according to our previ-

ously described methods (Nagano et al., 1996). In brief,
RAPD was produced from C. parvum DNA (Code# CGJ2)
by means of arbitrary primed PCR (AP-PCR) using 10 base

pair primers. The three target genes thus obtained were
RAPD SB281, SB289 and SB012, which were produced by
primers tgatgaccgc, gcgtgctcac and cggcccctgt, respectively.
The DNA fragments were extracted and sequenced. Based
on these sequences, 3 pairs of primers were developed as
shown in Table 2.

Detection sensitivity and specificity of primers
The sensitivity of primers was tested by amplifying se-

rially diluted template DNA. The purified oocyst DNA was
diluted at 160, 40, 10, 2.5, 0.625, 0.156, 0.039 and 0.001
pg/µl. Tested primers included the primers SB281, SB289
and SB012, as well as 3 other primers to amplify the genes
of COWP (GenBank accession No.: AF266273, Xiao et al.,
2000b), HSP70 (GenBank accession No.: AF221535, Su-
laiman et al., 2000), and TRAP1 (GenBank accession No.:
AF017267, Spano et al., 1998), as shown in Table 2. PCR
conditions were as follows: one cycle of initial denaturing
at 94°C for 3 min; 35 cycles at 94°C for 30 sec, 51-56°C (see
details in Table 2) for 30 sec, and 72°C for 1 min; and one
cycle of final extension at 72°C for 10 min.

The specificity of the primers SB281, SB289 and
SB012 was tested by detecting various kinds of template
DNA, including C. parvum and control samples of C. muris,
human, bovine, Entamoeba histolytica, Giardia lamblia,
Blastocystis hominis, Ascaris lumbricoides, Trichomonas
vaginalis, Trichinella spiralis and Escherichia coli.

DNA sequencing and sequence analysis
The RAPD was produced by primer SB281, SB289 or

SB012 from 16 isolates, which included 8 calf isolates
(Code# CGJ2, CGJ5, CKJ1, CKJ3, CKJ7, CNJ1, CI2 and
CI8) from Japan and Italy, one goat isolate (Code# GI1)
from Italy and 7 human isolates (Code# HJ1, HJ2, HJ3, HI1,
HI2, HN4 and HN6) from Japan, Italy and Nepal. DNA se-
quence of the RAPD was determined using a Thermo Se-
quenase cycle sequencing Kit (USB Corporation, Cleveland,
USA) and an automatic sequencer (Model LIC-4200, Aloka
Co., Ltd., Tokyo, Japan). The sequence data were analyzed
using DNASIS Software (Hitachi Software Engineering,
Tokyo, Japan). Homology searching on the nucleotide and
protein database was carried out using the BLAST program
at NCBI (Bethesda, MD, USA). Pairwise sequence align-
ment and protein identities were performed using CLUS-
TALW 1.8 software (Jeanmougin et al., 1998) and PHYLIP
DNADIST software (distributed by Felsenstein, Department
of Genetics, University of Washington, Seattle).

PCR-RFLP
PCR and RFLP were performed according to our pre-

viously described methods (Wu et al., 1999). PCR prod-

Table 1. Isolates of C. parvum .

Code Host origin Geographical origin Genotype

CGJ1 Calf Gifu, Japan II
CGJ2 Calf Gifu, Japan II
CGJ3 Calf Gifu, Japan II
CGJ4 Calf Gifu, Japan II
CGJ5 Calf Gifu, Japan II
CGJ6 Calf Gifu, Japan II
CKJ1 Calf Kobe, Japan II
CKJ2 Calf Kobe, Japan II
CKJ3 Calf Kobe, Japan II
CKJ4 Calf Kobe, Japan II
CKJ5 Calf Kobe, Japan II
CKJ6 Calf Kobe, Japan II
CKJ7 Calf Kobe, Japan II
CKJ8 Calf Kobe, Japan II
CKJ9 Calf Kobe, Japan II
CKJ10 Calf Kobe, Japan II
CKJ11 Calf Kobe, Japan II
CNJ1 Calf Nagoya, Japan II
CI1 Calf Italy II
CI2 Calf Italy II
CI3 Calf Italy II
CI4 Calf Italy II
CI5 Calf Italy II
CI6 Calf Italy II
CI7 Calf Italy II
CI8 Calf Italy II
GI1 Goat Italy II
HJ1 Human Japan II
HJ2 Human Japan I
HJ3 Human Japan I
HI1 Human Italy I
HI2 Human Italy I
HI3 Human Italy I
HI4 Human Italy I
HI5 Human Italy I
HN1 Human Nepal I
HN2 Human Nepal I
HN3 Human Nepal I
HN4 Human Nepal I
HN5 Human Nepal I
HN6 Human Nepal I
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ucts were purified by ethanol precipitation, and then di-
gested with an appropriate restriction endonuclease (Hind
III, Hinf I, Sac I and Ava II) according to the manufacturer’s
instructions. The digests were subjected to electrophoresis.

RESULTS

Sequence analysis
Three dense RAPD bands with an appropriate molecu-

lar size of 610 (SB281), 600 (SB289) and 550 bp (SB012)
were generated from the template DNA of the isolate CGJ2.
The RAPD fragments were isolated from the gel and se-
quenced (GenBank accession No: AY488139, AY488146,
AY488153). Based on the 3 sequences, 3 pairs of primers
were developed (Table 2). The RAPD from 16 isolates (in-
cluding 8 calf isolates from Japan and Italy, one goat isolate
from Italy and 7 human isolates from Japan, Italy and Ne-
pal) were produced with the 3 developed primers and se-
quenced (GenBank accession numbers are shown in Figs 1,
2 and 3).

Homology analysis of the RAPD sequence showed
that these genes were quite conserved among different iso-
lates, as shown in Figs 1, 2 and 3. The identities of the se-
quences of SB281 RAPD, SB289 RAPD, and SB012

RAPD were 98.0-100%, 97.6-100%, and 98.2-100% among
the 16 isolates, respectively.

The animal isolates shared nearly the same sequence
regardless of their origin. The identities of SB281 RAPD,
SB289 RAPD, and SB012 RAPD among the 9 animal iso-
lates were 99.3-100%, 99.6-100% and 99.0-100%, respec-
tively. The same was true for human isolates. The identi-
ties of RAPD SB281, RAPD SB289, and RAPD SB012
among the 7 human isolates were 98.4-99.6%, 98.0-100%
and 99.3-100%, respectively.

Although DNA sequence was conserved, there were
point mutations in human origin isolates (except the isolate
HJ1) at identical nucleotide sites. The point mutation pat-
tern was different from the animal origin isolates as shown
in Figs 1, 2 and 3.

The DNA sequence of the RAPD fragments were de-
duced into an amino acid sequence and subjected to Gen-
Bank for blast searching. The blast results showed that
SB281 was a protein gene encoding methionine aminopep-
tidase. The deduced amino acid sequence shared 52-57%
identities with the sequence of methionine aminopeptidase
of other organisms, for example, Drosophila melanogaster,
Arabidopsis thaliana , human, mouse and Caenorhabditis
elegans (Fig 4). The SB289 was a protein gene encoding

Table 2. Criteria of PCR Primers.

Primer Sequence
Annealing

Tm
Product

size
Target gene

SB281 5’-gatagtgttccatttgagagg-3’
5’-ttagatgcaacaaatacaggat-3’

51.0 553
methionine
aminopeptidase

SB289 5’-cccaattcagttctgtctct-3’
5’-aataatgctcctaacaacgc-3’

51.0 505
chaperonin containing
TCP-1 delta

SB012 5’-ctccgttcgatgatgcagatg-3’
5’-cggcccctgtagaaataagtca-3’

51.3 434 unknown

COWP 5’-ggttcctcctatgcctttct
5’-gtgggcattcctttgtgac

52.7 869 oocyst wall protein

HSP70 5’-tcagttgccatcagtagagc
5’-tcttcttctcagcctcatca

52.5 841 heat shock protein

TRAP1 5’-ggatgggtatcaggtaataagaa
5’-tagcccagttctgactctctg

52.0 1177
thrombospondin-related
adhesive protein

Table 3. Predicted RFLP pattern of RAPD SB281, SB289 and SB012 PCR products.

Size of predicated bands

Isolate SB281 SB289 SB012 Genotype

Hae III Hinf I Sac I Ava II

CGJ2 59, 494 75, 478 505 152, 282 II
CI2 59, 494 75, 478 505 152, 282 II
IG1 59, 494 75, 478 505 152, 282 II
HJ2 59, 204, 290 75, 138, 340 232, 273 434 I
HJ3 59, 204, 290 75, 138, 340 232, 273 434 I
HN6 59, 204, 290 75, 138, 340 232, 273 434 I
HI2 59, 204, 290 75, 138, 340 232, 273 434 I
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chaperonin containing TCP-1 delta subunit. The deduced
amino acid sequence shared 54-61% identities with the se-
quence of chaperonin containing TCP-1 delta subunit of
other organisms, such as D. melanogaster, A. thaliana , hu-

man, mouse and C. elegans (Fig 5).

Differentiation of C. parvum isolates by the RFLP method
After PCR with the primer SB281, SB289 or SB012,

Figure 1. DNA sequence diversities among Cryptosporidium parvum isolates in SB281 (methionine aminopeptidase)
gene. The genes from 16 isolates were sequenced and typed into genotype I and genotype II, as indicated in
the left margin by I and II. Filled circles in the alignment indicate identical base pairs. The differences be-
tween genotype I and genotype II are indicated by shading. GenBank accession numbers of CGJ2, CI2, GI1,
HJ2, HJ3, HI2 and HN6 are AY488139, AY488140, AY488141, AY488142, AY488143, AY488144 and
AY488145, respectively.
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all 41 DNA samples produced the expected size bands of
553 bp, 505 bp and 434 bp, respectively. Thus 123 (3 times
41) RAPDs were analyzed by PCR-RFLP.

Two kinds of band patterns (Panels A and B in Fig 6)
were produced by endonuclease Hind III and Hinf I restric-
tion of the RAPD SB281. All of the calf isolates from both
Japan and Italy, the isolate from the goat of Italy and one
isolate from a Japanese patient (Code# HJ1) showed the
same kind of RFLP pattern of genotype II. All of the hu-

man origin isolates, except one Japanese human isolate
(Code# HJ1) produced the same kind of RFLP pattern of
genotype I, which was different from that of genotype II.

The same results were obtained when the 41 isolates
were analyzed by endonuclease Sac I restriction of RAPD
SB289 (Panel C in Fig 6) and Ava II restriction of RAPD
SB012 (Panel D in Fig 6).

Figure 2. DNA sequence diversities among Cryptosporidium parvum isolates in SB289 (chaperonin containing TCP-1
delta subunit) gene. The genes from 16 isolates were sequenced and typed into genotype I and genotype II,
as indicated in the left margin by I and II. Filled circles in the alignment indicate identical base pairs. The
differences between genotype I and genotype II are indicated by shading. GenBank accession numbers of
CGJ2, CI2, GI1, HJ2, HJ3, HI2 and HN6 are AY488146, AY488147, AY488148, AY488149, AY488150,
AY488151 and AY488152, respectively.

９



Detection sensitivity and specificity of primers
The detection sensitivity of primers was tested by

means of PCR with serially diluted template DNA, as de-
scribed in Materials and Methods. The density of bands
tended to be faint when a lower concentration of template
DNA was used. The primers SB281, SB289 and SB012
gave the highest sensitivity in detecting template DNA of C.
parvum . The minimum concentration of template DNA
necessary for a positive reaction was 0.156 pg with the
primer SB281, 0.039 pg with the primer SB289 and 0.156
pg with the primer SB012 (Panels A, B and C in Fig 7),
while the control primers of COWP, HSP 70 and PRAP1
showed a minimum detection concentration of 10 pg, 10 pg
and 40 pg, respectively (Panels D, E and F in Fig 7).

All 3 kinds of primers produced bands with the ex-
pected size from C. parvum , while control samples pro-
duced negative results, indicating the species specificity of
these constructed primers.

DISCUSSION

Epidemiologically, molecular markers of pathogens
are useful in determining the importance of responsible re-
agents, for example, distinguishing between zoonotic and
anthroponotic transmissions. Reportedly, both genotype I
and genotype II of C. parvum are responsible for the spo-
radic infection and outbreak of human cryptosporidiosis
(McLauchlin et al., 1999; Ong et al., 1999; Sulaiman et al.,
1998; Xiao et al., 2000a).

In the present study, 3 new target genes were proposed
and assessed for genetic analysis. The sequence analysis of
these genes from 41 isolates of C. parvum from different
hosts and geographical origins indicated that there are iden-
tical base pair differences between the isolates from human
and animal origins. The PCR-RFLP analysis of the 3 genes
confirmed that these 3 new genes are useful for the geno-
typing of C. parvum , because all of the 3 genes showed 2
kinds of RFLP patterns which correspond to genotype I and

Figure 3. DNA sequence diversities among Cryptosporidium parvum isolates in SB012 gene. The genes from 16 iso-
lates were sequenced and typed into genotype I and genotype II, as indicated in the left margin by I and II.
Filled circles in the alignment indicate identical base pairs. The differences between genotype I and genotype
II are indicated by shading. GenBank accession numbers of CGJ2, CI2, GI1, HJ2, HJ3, HI2 and HN6 are
AY488153, AY488154, AY488155, AY488156, AY488157, AY488158, and AY488159, respectively.

１０



genotype II. More important is the fact that the 3 primers
amplified only C. parvum DNA with high sensitivity, mak-
ing these candidate primers to detect and genotype C. par-
vum in water contamination at the required quality in terms
of sensitivity. Using our method, even low numbers of oo-
cysts in sample water may be amplified with any one of the
primers. RFLP analysis with a combination of any one of

the three genes can identify animal or human genotypes.
Such examples are given by primer SB281/Hind III, SB281/
Hinf I, SB289/Sac I or SB012/Ava II.

We have reported that C. parvum specific primer
SB012 is highly sensitive. The primer SB012 can detect the
lowest amount of template DNA necessary for a positive re-
action, which was 0.156 pg DNA or even one oocyst, or 50

Figure 4. Alignment of the deduced amino acid sequence of methionine aminopeptidase of C. parvum and the
sequence of D. melanogaster , A. thaliana , human, mouse and C. elegans . Filled circles in the align-
ment indicate identical base pair and hyphens indicate gaps. The identities of sequence are indicated
at the ends of sequences.

Figure 5. Alignment of the deduced amino acid sequence of chaperonin containing TCP-1 delta subunit of C. parvum
and the sequence of D. melanogaster , A. thaliana , human, mouse and C. elegans . Filled circles in the align-
ment indicate identical base pairs and hyphens indicate gaps. The identities of sequence are indicated in the
ends of sequences.

１１



oocysts in raw water (Wu et al., 2000). The new primers
(SB281 and SB289) had equivalent detection sensitivity to
primer SB012. PCR detection indicates that these primers
have a sensitivity 50 times higher than that of some other
primers developed from COWP, HSP70 and TRAP1 and
currently being used for genotyping Cryptosporidium .

Thus the analysis of the three RAPD genes provided
the same genetic characterization to group the isolates to
genotype I and genotype II, further evidence for the distinc-

tion between the two genotypes of C. parvum . Our new
primers may also provide selectable methods for reliable
elimination of C. parvum from tap water and for genotyp-
ing of the contaminated oocysts for further epidemiological
survey.
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IN VIVO EVALUATION OF COMBINATION EFFECTS
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Abstract: The combination effects of chloroquine with Cepharanthin� or minocycline hydrochloride were evalu-
ated against a blood-induced infection with chloroquine-resistant P. berghei NK 65 in ICR mice. The infected
mice in an untreated control group showed a progressively increasing parasitemia leading to mouse death. A two-
day dosage of 20 mg base/kg of chloroquine alone produced little effect against P. berghei NK 65 infection, and all
mice died from day 13 to 15 with an increasing parasitemia. A four-day dosage of 4 mg/kg of Cepharanthin� alone
produced no antimalarial activity, and all mice died by day 10. A four-day dosage of 50 mg/kg of minocycline hy-
drochloride alone produced a slight effect, but all mice died by day 18. Furthermore, mice given chloroquine in
combination with Cepharanthin� died from day 14 to 15. Mice given Cepharanthin� plus minocycline hydrochlo-
ride also died from day 15 to 17. On the other hand, infected mice treated with chloroquine plus minocycline hy-
drochloride survived during the experiment. All mice treated with chloroquine alone, minocycline hydrochloride
alone, chloroquine plus Cepharanthin� or Cepharanthin� plus minocycline hydrochloride showed low parasitemia
levels during drug administration and a few subsequent days, but then malaria parasites re-increased in the blood-
stream of the treated mice until death. On the other hand, malaria parasites in the mice given chloroquine plus mi-
nocycline hydrochloride decreased on day 6 and then could not be detected by microscopic examination during the
observation period. This finding strongly suggests that the combination effects of chloroquine and minocycline hy-
drochloride are worthy of evaluation in human malaria. The results also clearly demonstrate the necessity and im-
portance of in vivo experiments in estimating the activities of drugs.
Key words: Plasmodium berghei NK 65, Cepharanthin�, minocycline, antimalarial activity, chloroquine-resistance

INTRODUCTION

Malaria is one of the most important tropical diseases
in the world. Chloroquine resistance in the human malaria
parasite Plasmodium falciparum arose first in South Amer-
ica and Southeast Asia (Harinasuta et al., 1962; Young and
Moore, 1961). It has now spread to all parts of the world
where malaria is endemic and poses a major threat to the
elimination of the disease. Although there are several
strategies for controlling the disease, chemotherapy is the
primary defense against malaria, and thus the worldwide
emergence of chloroquine-resistant variants of parasite has
stimulated the development of new treatments for malaria
(Payne, 1987; Winstanley, 2000). The development of a

new drug, however, is an extremely expensive and time-
consuming process, and hence there have been efforts to re-
evaluate the antimalarial activities of certain drugs already
accepted for clinical use in patients with various non-
malarial infectious diseases. White and Olliaro (1996) re-
cently advocated the utility of combination chemotherapy
as a rational approach to the containment of drug-resistant
malaria. These trials focused on the detection of com-
pounds that display killing activity against multiple drug-
resistant malaria parasites in vitro (Haruki et al., 2000; Lin
et al., 2001). However, the question remains as to which in
vitro antimalarial effects can be induced in vivo. Since the
discovery of murine malaria parasite P. berghei by Vincke
and Lips (1948), the model of experimental murine malaria
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has proved to be very convenient both for detection of anti-
malarial activity (Peters et al., 1975) and investigations into
the mode of action with P. falciparum in culture. Further-
more, the mouse infected with P. berghei is generally con-
sidered to be a valid model for the primary screening of
drugs for eventual use against human malaria (WHO,
1973). In 1971, attempts to confirm the antimalarial activ-
ity of Artemisia annua extracts in mice infected with P. ber-
ghei led to the isolation of a plant constituent, artemisinin
(Klayman, 1985). The use of drug-resistant strains of P.
berghei can yield additional information concerning both
the mode of action of a compound, and its potential value
against drug-resistant strains of human malaria. Thus, we
utilized the murine model to investigate the effects of chlo-
roquine - in combination with drugs known to reverse chlo-
roquine resistance in vitro (Haruki et al., 2000; Lin et al.,
2001) - against blood-induced chloroquine-resistant P. ber-
ghei NK 65 infections in ICR mice.

MATERIALS AND METHODS

Animals and parasites
All animal experiments were performed according to

the Guidelines for Animal Experimentation, Hamamatsu
University School of Medicine. Outbred male ICR mice, 7
weeks old, purchased from SLC Inc. (Hamamatsu, Japan),
were used. Murine malaria parasites, chloroquine-resistant
Plasmodium berghei (strain NK 65), were a gift from Pro-
fessor Y. Wataya (Okayama University, Japan). The blood
stage parasites were stored in a －80°C deep freezer. For
experiments, the parasites from frozen stock were injected
into two mice. The mouse showing 10-15% of parasitemia
was bled under ether anaesthesia to collect the parasitized
blood. Experimental mice were given an intraperitoneal in-
jection of the 10５parasitized blood. To determine the effect
of the drug, treated mice were monitored for % parasitemia
and days of survival relative to control mice up to day 30
post infection. Thin blood smears from the tail vein were
prepared and Giemsa-stained throughout the observation
period.
In vivo antimalarial activity of chloroquine against
chloroquine-resistant P. berghei NK 65 infections

Twenty mice were infected intraperitoneally with 10５

parasitized erythrocytes and divided into four per group, as
well as an untreated control group, for activity assay of
chloroquine diphosphate (Sigma Chemical Co., MO, USA).
From day 4 after injection, the mice were given chloroquine
orally at 20 mg base/kg body weight (kg) for 2 or 3 days, or
40 mg base/kg for 1 or 2 days, respectively, in the treated
groups. An equivalent volume of distilled water was given
orally to mice in the untreated, infected group for 3 days.

In vivo antimalarial activity of Cepharanthin� and minocy-
cline hydrochloride against chloroquine-resistant P. berghei
NK 65 infections

Twenty-eight mice were infected intraperitoneally with
10５parasitized erythrocytes and divided into four per group,
including an untreated control group, for activity assay of
Cepharanthin� (an extract of Stephania cepharantha) and
minocycline hydrochloride. Cepharanthin� and minocy-
cline hydrochloride were purchased from Kaken-Shoyaku
Co. (Tokyo, Japan) and Takeda Chemical Industries Ltd.
(Osaka, Japan), respectively. From day 4 after injection,
the mice were given Cepharanthin� at 0.2, 2 or 4 mg/kg in-
traperitoneally once a day for 4 consecutive days. Mice in
the other three groups were given minocycline hydrochlo-
ride at 2.5, 25 or 50mg/kg intraperitoneally once a day for 4
consecutive days from day 4 after injection. An equivalent
volume of sterile normal saline was given intraperitoneally
to mice in the untreated control group.
Combination effects of the compounds against chloroquine-
resistant P. berghei NK 65 infections

Twenty-eight mice were infected intraperitoneally with
10５parasitized erythrocytes and divided into four per group,
including an untreated control group, for activity assay of
the compounds in combination with or without chloroquine.
From day 4 after injection, the mice in three groups were
given chloroquine orally at 20 mg base/kg once a day for 2
days, and furthermore, to detect the activity of Cepharan-
thin� and minocycline hydrochloride in combination with
chloroquine, the mice in two out of three of the groups
treated with chloroquine received Cepharanthin� at 4 mg/kg
intraperitoneally once a day for 4 consecutive days and mi-
nocycline hydrochloride at 50 mg/kg intraperitoneally once
a day for 4 consecutive days. Furthermore, the mice in the
other three groups were given Cepharanthin� at 4 mg/kg,
minocycline hydrochloride at 50 mg/kg, or both drugs si-
multaneously, intraperitoneally once a day for 4 consecutive
days. An equivalent volume of water was given orally to
mice in the untreated, infected group for 4 consecutive days.

RESULTS

In vivo antimalarial activity of chloroquine against
chloroquine-resistant P. berghei NK 65 infections

As shown in Fig. 1A, mice in the untreated control
group died from day 9 to day 11 post infection after a grad-
ual body weight loss. Chloroquine treatment was somewhat
effective against the parasites but it did not entirely eradi-
cate them. All mice in the groups given the drug died after
a gradual body weight loss as follows: mice given a two-
day dosage of 20 mg base/kg died from day 12 to day 14,
those given a three-day dosage of 20 mg base/kg died from
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day 15 to day 16, those given a one-day dosage of 40 mg
base/kg died from day 10 to day 13, and those given a two-
day dosage of 40 mg base/kg died from day 12 to day 17.
Malaria parasites appeared from day 4 post infection in the
bloodstream of the control and treated groups (Fig. 1B).
Parasitemia levels of mice in the control group gradually in-
creased and all of the mice died by day 11. All of the mice
treated with chloroquine showed low parasitemia levels dur-
ing drug administration and the following few days. Espe-
cially, malaria parasites in the mice given a two-day dosage
of 40 mg base/kg of chloroquine decreased on day 5 and
then could not be detected by microscopic examination for
two days. Malaria parasites, however, rebounded in the
bloodstream of all treated mice and all eventually died.
In vivo antimalarial activity of Cepharanthin� and minocy-
cline hydrochloride against chloroquine-resistant P. berghei
NK 65 infections

Mice in the untreated control group died from day 8 to
10 post infection, showing a progressively increasing para-
sitemia (Figs. 2A and 2B). Four daily doses of 0.2, 2 or 4
mg/kg of Cepharanthin� from day 4 after parasite injection
produced no antimalarial activity and all of the mice died
by day 10, showing a pattern of parasitemia similar to that
in the untreated control group (data not shown). A four-day
dosage of 2.5 mg/kg of minocycline hydrochloride pro-
duced no effect, and all of the mice died by day 10. On the
other hand, four daily doses of 25 or 50 mg/kg of minocy-
cline hydrochloride produced a slight effect, but all of the
mice died by day 17. Malaria parasites in the mice given a
four-day dosage of 2.5 mg/kg of minocycline hydrochloride
gradually increased until the mice died. A four-day dosage
of 25 or 50 mg/kg of minocycline hydrochloride suppressed

the multiplication of parasites during drug administration
and the following few days. Especially, malaria parasites in
the mice given 50 mg/kg of minocycline hydrochloride de-
creased on day 6 but rebounded from day 10 in the blood-
stream of all treated mice until death.
Combination effects of the compounds against chloroquine-
resistant P. berghei NK 65 infections

Mice in the untreated control group died from day 9 to
11 post infection (Fig. 3A). A two-day dosage of 20 mg
base/kg of chloroquine alone produced little effect against P.
berghei NK 65 infection, and all of the mice died from day
13 to 15. Four daily doses of 4 mg/kg of Cepharanthin�

alone produced no antimalarial activity, and all of the mice
died by day 10. A four-day dosage of 50 mg/kg of minocy-
cline hydrochloride alone produced a slight effect, but all of
the mice died by day 18. Mice given Cepharanthin� plus
minocycline hydrochloride died from day 14 to 17. Mice
given chloroquine plus Cepharanthin� died from day 14 to
15. On the other hand, mice given chloroquine in combina-
tion with minocycline hydrochloride survived during the
experiment. Malaria parasites appeared from day 4 in the
bloodstream of the control and treated groups (Fig. 3B).
Parasitemia levels of mice in the control and Cepharanthin�

-treated groups gradually increased and all of the mice died.
All mice treated with chloroquine alone, minocycline hy-
drochloride alone, Cepharanthin� plus minocycline hydro-
chloride and chloroquine plus Cepharanthin� showed low
parasitemia levels during drug administration and the fol-
lowing few days. However, malaria parasites rebounded in
the bloodstream of the treated mice until death. On the
other hand, parasites in the mice treated with a combination

Fig. 1. Time-course changes of survival rate (A) and para-
sitemia in the bloodstream (B) of mice in response to treat-
ment with chloroquine. From day 4 after injection of 10５ P.
berghei NK 65-parasitized erythrocytes, mice were given
chloroquine orally at 20 mg base/kg b.wt. for 2 days (○) or 3
days (●), or 40 mg base/kg b.wt. for 1 day (△) or 2 days (▲)
in the treated group. An equivalent volume of distilled water
was given orally in the untreated, infected mice (□) for 3 days.

Fig. 2. Time-course changes of survival rate (A) and para-
sitemia in the bloodstream (B) of mice in response to treat-
ment with minocycline hydrochloride. From day 4 after injec-
tion of10５ P. berghei NK 65-parasitized erythrocytes, mice
were given minocycline hydrochloride intraperitoneally at a
dose of 2.5 (■), 25 (○) or 50 (●) mg/kg b.wt. once a day for
4consecutive days. An equivalent volume of sterile normal sa-
line was given intraperitoneally in the untreated, infected
group (□) for 4 consecutive days.
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of minocycline hydrochloride and chloroquine decreased on
day 6 and then could not be detected by microscopic exami-
nation during the observation period.

DISCUSSION

Recently, drugs enhancing the sensitivity of parasites
to chloroquine were studied in resistant strains of rodent
and human Plasmodium (Martin et al., 1987; Bitonti and
McCann, 1989; Peters et al., 1990; Kyle et al., 1993). In
the present experiment, P. berghei NK 65 showed a
chloroquine-resistant property, and hence this variant can be
a useful model for research on drugs that enhance the sensi-
tivity of parasites to chloroquine (Ishih et al., 2003).

Lin et al. (2001) re-evaluated the antimalarial effects
of three tetracyclines accepted for clinical use in patients
with various non-malarial infectious diseases, and they re-
ported that minocycline was effective against chloroquine-
resistant P. falciparum in vitro. Their electron microscopic
examination revealed a number of electron dense vesicles
with a single membrane bound in the cytoplasm of
minocycline-treated parasites (Lin et al., 2001). The anti-
parasite action of minocycline in vitro studies may be attrib-
utable to the high lipophilicity of this drug, but it is difficult

to explain whether the structural changes resulted from the
specific action mechanism of tetracyclines. In our P. ber-
ghei NK 65 infected ICR model, all mice given minocy-
cline hydrochloride alone showed low parasitemia levels
during drug administration and the following few days, in-
dicating the inhibitory effects of minocycline on parasite
growth, but they died after re-increase of malaria parasites.
In contrast, the combination of chloroquine with minocy-
cline hydrochloride eventually produced a killing activity
against P. berghei NK 65 parasites, and consequently, all
mice survived during the experiment. Kim et al. (1998)
evaluated a combination effect of 5-fluoroorotate and sulfa-
monomethoxine using this malaria isolate and reported a
potent synergistic activity. By definition, chloroquine resis-
tance reversal agents specifically target the chloroquine re-
sistance mechanism and do not enhance the baseline activ-
ity of chloroquine against parasites (Martin et al., 1987; Bi-
tonti and McCann, 1989). In the present study, both chloro-
quine and minocycline hydrochloride showed moderate an-
timalarial activity against the present parasite isolate when
given alone to the infected mice, and thus it remains unclear
which drug enhanced the antimalarial activity of the other.
This finding, however, strongly suggests that the combina-
tion of chloroquine and minocycline hydrochloride extends
the clinical utility of chloroquine if the higher dose of mino-
cycline hydrochloride is tolerated. Further studies are nec-
essary to clarify the mechanisms of combination effects of
these drugs.

Meanwhile, Haruki et al. (2000) reported that
Cepharanthin�, widely used clinically in Japan, enhanced
the activity of chloroquine against the resistant strain of P.
falciparum in vitro. The mechanism by which Cepharan-
thin� increases the potency of chloroquine is unclear, but it
may be related to enhanced accumulation of chloroquine. In
our model, however, Cepharanthin� given approximately 20
times in clinical use (Harada et al., 2001) produced neither
combination effects with chloroquine nor its intrinsic anti-
malarial activity, suggesting the difference between in vitro
and in vivo assay. The present results indicate that differ-
ences in assay systems, such as in vitro and in vivo methods,
might lead to different and conflicting results for the anti-
malarial activities of drugs, and they indicate the necessity
for and importance of in vivo experiments in the estimation
of the activities of drugs.
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Fig. 3. Time-course changes of survival rate (A) and para-
sitemia in the bloodstream (B) of mice in response to the com-
bined treatment. From day 4 after injection of 10５ P. berghei
NK 65-parasitized erythrocytes, mice in three groups were
given chloroquine orally at a dose of 20 mg base/kg b.wt. once
a day for 2 days, and then, except for mice in the chloroquine-
medicated control group (■), the remaining mice were further
given the following drugs: Cepharanthin� at a dose of 4 mg/kg
b.wt. intraperitoneally once a day for 4 consecutive days (●)
or minocycline hydrochloride at a dose of 50 mg/kg b.wt. in-
traperitoneally once a day for 4 consecutive days (▲). Addi-
tionally, Cepharanthin� alone (○), minocycline hydrochloride
alone (△) or Cepharanthin� plus minocycline hydrochloride
(▽) was given to the mice in the three other groups under the
same treatment regimens. An equivalent volume of distilled
water was given orally to the mice in the untreated, infected
group (□) for 4 consecutive days.
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Abstract: A cross-sectional survey of 327 Japanese short-term travelers (�3 weeks) arriving in Bangkok, Thailand
was conducted to assess the incidence of travelers’ diarrhea (TD) as well as their symptoms and treatment-seeking
behaviors. The incidence of the first episode of TD (FTD) was ascertained retrospectively by questionnaire. Re-
ported by 69 travelers, FTD clustered within the first 8 days of arrival in Thailand, and the incidence rate varied
from 2% to 8% with the highest incidence on the third day.

Cumulative probability of FTD was 19% for those arriving in Thai directly from Japan, 42 % for those arriv-
ing via Southeast Asia, and 25% for those arriving via other regions at Day 7 by the Kaplan-Meier survival analysis.
Log rank test revealed a higher FTD risk for travelers arriving via other Southeast Asian countries than for those ar-
riving directly from Japan (P < 0.005). Of all the 69 FTD episodes, 33% had classic TD defined as�3 unformed
stools per 24 hours with at least one accompanying symptom, 49% had moderate TD defined as �2 unformed
stools with at least one additional symptom or more unformed stools without additional symptoms, and 17% had
mild TD defined as with�2 unformed stools without additional symptoms. Cumulative probability of FTD at Day
7 was 12% for classic TD, 25% for classic plus moderate TD and 30% for all the TD. More than 38% of travelers
with diarrhea took medicine brought from Japan. Among travelers with classic TD, 35% bought medicine in Thai-
land, whereas 47-50% of travelers with moderate and mild TD took only rest without any treatment.
Key words: incidence, diarrhea, travelers, Japanese, Thailand,.

INTRODUCTION

Travelers’ diarrhea (TD) is a common health problem
among travelers. Annually, over 50 million people from in-
dustrialized countries visit developing countries. Ten to 80
percent of travelers suffer from diarrhea (Black, 1990; Co-
belens et al., 1998; Steffen, 1986; von Sonnenburg et al.,
2000). Although TD is a self-limiting illness that usually re-
solves spontaneously within a few days, travelers often have
to change their itinerary because of it (Hill, 2000; Steffen et
al., 1999).

Annually, 3 million Japanese people travel to South-
east Asia (Statistics on Legal Migrants, Ministry of Justice
in Japan, 2001). Enteropathogens causing diarrhea were
isolated from a high proportion (65.3%) of Japanese travel-
ers who arrived from Southeast Asia and had suffered from
TD (Ueda et al., 1996). There is a risk of spread of im-
ported causative agents in homeland countries (Wittlinger et

al., 1995). Nevertheless, the TD of Japanese travelers has
never been studied in Southeast Asia before, although TD
was studied among United States troops and US Peace
Corps volunteers in Thailand (Beecham et al., 1997; Ech-
everria et al., 1981; Taylor et al., 1985). Epidemiological
data on Japanese TD in Southeast Asia will lead to valuable
advice for Japanese travelers regarding prevention and treat-
ment.

We therefore studied the incidence of TD as well as
their symptoms and treatment-seeking behaviors for TD by
a cross-sectional survey in Japanese travelers on adventure-
style trips (hereafter, backpackers) arriving in Bangkok,
Thailand. Here we report on the results in Thailand, a coun-
try visited by one million Japanese annually (Statistics on
Legal Migrants, Ministry of Justice in Japan, 2001).
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MATERIALS AND METHODS

This study was conducted between January and Febru-
ary 2002 in the Khaosan Road area, Bangkok, Thailand.
The subjects were Japanese travelers who were more than
15 years old and stayed in Thailand for 3 weeks or less.
Three hundred and eighty four Japanese travelers partici-
pated in this study with informed consent. The study was
conducted by a self-administered questionnaire. Of the 384
subjects, 57 (15%) who had stayed more than 3 weeks in
Thailand before the interview were excluded to reduce re-
call bias. Thus, 327 Japanese travelers were used for the
analysis.

As in previous studies (Steffen et al., 1999; von Son-
nenburg et al., 2000), classic TD was defined as the passage
of three or more unformed stools per 24 hours with as least
one accompanying symptom such as nausea or vomiting,
abdominal pain, fever, or blood in stools. Moderate TD was
defined as either the passage of one to two unformed stools
with at least one additional symptom, or more unformed
stools without additional symptoms. Mild TD was defined
as the passage of one to two unformed stools without addi-
tional symptoms.

Daily incidence rates (IRs) of having the first TD epi-
sode (FTD) on Day N were calculated by the following for-
mula:

100 x Number of travelers who had FTD on Day N
IR(n)=

Number of travelers who stayed on Day N and who
had never had FTD until Day N-1

The IRs of FTD were presented as simple proportions
with 95% confidence interval (95% Cl). Data management
was performed with Microsoft Excel (Version 8.0). Cumu-
lative probability of FTD and difference of its risk by pre-
region was calculated by the Kaplan-Meier procedure and
log rank test, respectively. For comparison of symptoms and
treatment-seeking behaviors for TD, χ２-test was conducted
using the Epi Info 6 programme.

The data were also analyzed by region visited prior to
arrival in Thailand; i.e., a) directly from Japan, b) via other
countries in Southeast Asia, and c) via other countries out-
side Southeast Asia.

RESULTS

Characteristics of Japanese travelers
The characteristics of the 327 Japanese travelers are

shown in Table 1. Men accounted for 66% of the subjects.
Mean and median age was 27 and 25 years old, respectively,
with 85% of subjects being less than 30 years old. Most
travelers were single (91%), and high school graduates

(97%). Unemployed /retired persons accounted for 38%,
followed by students (32%) and workers (24%). Fifty-three
percent of travelers traveled alone, and 35% were first visi-
tors to Thailand. Most travelers visited Thailand for sight-
seeing (92%), and arranged their trip by themselves (95%).
Forty-two percent arrived directly from Japan while 36%
came to Thailand via other countries in Southeast Asia like
Vietnam, Cambodia, and Laos. Others came from Nepal,
India, Australia, the U.S.A. and so on. Mean and median
days of stay in Thailand up to the day of interview were 6.2
and 4.0, respectively. Their mean daily expenditure was
17.9 US dollars with median of 9.1 US dollars.

Table１ Characteristics of 327 Japanese travelers to Bangkok,
Thailand

Characteristic N (%)

Sex, male

Age* (year)

Marital status, single

Educational level
�High school

Occupation

Unemployed/Retired

Student

Worker

Housewife

Others

Travel with companions

First visit to Thailand

Purpose of travel, sightseeing

Travel style, self-arranged journey

Pre-regions prior to Thailand

Japan

Southeast Asia

Other regions

Duration of stay* (day)

Total expenditure per day†(US$)

215 (65.7)

26.8 (25/19-66)

298 (91.1)

318 (97.3)

124 (37.9)

104 (31.8)

84 (25.6)

6 (1.8)

9 (2.8)

154 (47.1)

116 (35.5)

300 (91.7)

310 (94.8)

136 (41.6)

117 (35.8)

74 (22.6)

6.2 (4/1-21)

17.9 (9.1/2.3-204.5)

*Mean (median/range).†Mean (median/range), thirteen missing.

*Bars present 95% confidence interval for each incidence of FTD

Figure１ Daily incidence of first episode of travelers’ diar-
rhea (FTD) and number of subjects at risk
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The number of subjects at risk for FTD was 327 on the
first day of stay and decreased to 88 on the seventh day and
28 on the 14th day (Figure 1). Sixty-nine travelers devel-
oped diarrhea. Of them, 33% (23 travelers), 49%, (34 trav-
elers) and 17% (12 travelers) had classic TD, moderate TD
and mild TD, respectively. Most FTD (91%, 63 travelers)
clustered within the first 8 days after arrival to Thailand.
The incidence rates during these eight days ranged between
2.7 % and 7.5% with the highest incidence on the third day.
Occurrences of FTD were sporadic between Days 9 and 15.
No FTD was reported after Day 16.

Cumulative probability of FTD
Survival probability without experiencing FTD up to

Day N was calculated by the Kaplan-Meier survival analy-
sis. Then, the cumulative probability of FTD to Day N (%)
was calculated by subtracting the above from 1.0. Figure 2
shows the cumulative probabilities of FTD by pre-region (a.
directly from Japan, b. via other countries in Southeast Asia,
and c. via other countries outside Southeast Asia). The cu-
mulative probability of FTD at Day 7 by pre-regions was
19% for those arriving directly from Japan, 42% for those
arriving directly from Southeast Asian countries, and 25%
for those arriving from other regions. The cumulative prob-
ability of FTD in travelers via Southeast Asia was more
than twice as that in those from Japan. The cumulative
probability of FTD for those arriving from Japan, Southeast
Asian countries and other regions reached 26%, 47%, and
32%, respectively, by Day 14. According to a log-rank sta-
tistic test, travelers who arrived in Thailand via other South-
east Asian countries developed FTD significantly more fre-
quently than those arriving directly from Japan (P < 0.005)
and showed a marginally higher incidence of TD than those
arriving via other regions (P < 0.1).

Figure 3 shows the cumulative probability of classic
TD, moderate TD, and mild TD. Cumulative probability of
FTD at Day 7 was 12% for classic TD, 25% for classic plus
moderate TD, and 29% for all forms of TD including mild
cases. Cumulative probabilities reached to 13%, 30%, and
35%, respectively, by Day 14.

Cumulative probability of classic plus moderate TD at
Day 7 was the highest among travelers from Nepal (56%),
followed by travelers from Laos (42%), Vietnam (39%), and
Cambodia (38%), while it was only 12% among travelers
who arrived directly from Japan.

Symptoms and treatment-seeking behaviors among 69 trav-
elers with TD

The mean daily number of stools and its standard de-
viation was 4.4±1.9 for classic TD, 2.8±2.2 for moderate
TD and 2.0±1.4 for mild TD (Table 2). Abdominal pain
was reported in 91% of classic TD, a rate significantly

Table２ Symptoms and reactions among 69 travelers with TD

Variable
Classic
(n=23)

Moderate
(n=34)

Mild
(n=12)

Sex: no. male/no. female

Mean frequency of unformed

stools (± SD) of diarrhea

Symptoms: % of patients

Fever

Nausea/Vomiting

Abdominal pain

Bloody stool

Watery stool

Reactions for TD: % of patients

Taking medicine carried from homeland

Buying medicine in Thailand

Taking ORS (oral rehydration salt)

Visiting clinic

Taking only rest without any treatment

17/6

4.4±1.9

13.0

26.1

91.3*

13.0

56.5

47.8

34.8*

21.7

13.0

21.7

19/15

2.8±2.2

8.8

14.7

44.1

2.9

20.6

38.2

8.8

8.8

8.8

47.1

9/3

2.0±1.4

50.0

41.7

8.3

50.0

*P < 0.05 compared with Moderate TD.

Figure３ Cumulative probability of FTD due to classifica-
tion of FTD among Japanese travelers in Bangkok,
Thailand

Figure２ Cumulative probability of FTD by pre-region
among Japanese travelers in Bangkok, Thailand
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higher than in cases of moderate TD (44%, P < 0.05). Wa-
tery diarrhea was documented in 57% of classic TD, 21% of
moderate TD and in 50% of mild TD. Nausea or vomiting
was documented in 26% of classic TD and 15% of moder-
ate TD. Fever was reported in 13% of patients with classic
TD and in 9% of those with moderate TD. Bloody diarrhea
was documented in 13% of patients with classic TD but in
only 3% of those with moderate TD.

Table 2 also shows the treatment-seeking behaviors of
patients with TD. Regardless of severity, 38% to 48% of pa-
tients took medicine that they brought from Japan. Patients
with classic TD bought medicines in Thailand significantly
more frequently than those with moderate TD (P < 0.05).
the proportion of those having taken ORS was also higher
in classic TD than in moderate TD. The proportion of those
taking only rest without any treatment tended to be less in
classic TD (22%) than in moderate (47%) or mild TD
(50%). Six travelers who suffered from TD visited clinics.
Of them, 2 travelers visited clinics without taking any medi-
cine from Japan. Two travelers visited a clinic after taking
medicines brought from Japan, and the remaining two trav-
elers bought medicines in Thailand before they went to the
clinics.

DISCUSSION

TD generally resolves within a few days, but 10-20%
of cases last for more than 7 days (Cobelens et al.,1998;
Mattila, 1994). In the case of long-lasting or continual diar-
rhea, it is difficult for travelers to distinguish the first epi-
sode of TD from subsequent episodes. This study therefore
focuses on the first episode of TD after entry to Thailand.
Because Japanese travelers stay an average of 5.6 days in
Thailand (Immigration Bureau, Police Department in Thai-
land, 2001), the first episode of TD is more important for
Japanese travelers than subsequent episodes.

This study was conducted in the Khaosan Road area,
Bangkok, Thailand. This area is a popular venue for young
backpackers. Currently, many backpackers visit there from
all over the world, because of its friendly atmosphere and
low-cost accommodation and food. Discount air tickets and
useful trip information are available in the Khaosan Road
area. Backpackers are generally considered to prefer an ad-
venturous travel style and to be more exposed to risk of di-
arrhea (Steffen, 1986). Self-arranged travel is also at higher
risk for diarrhea than organized travel (Cobelens et al.,
1998). Increasing age is negatively correlated with diarrhea
(Steffen, 1986; Cobelens et al., 1998). Steffen et al. (1999)
found that teenagers and young adults were at a higher risk
for TD, probably due to their great appetite and consequent
ingestion of a higher dose of pathogens. Since the age of the

subjects in the present study clustered undter the age of 30
years, this age group is probably to be at a higher risk of ac-
quiring TD than other older age groups.

FTD clustered within the first 8 days of arrival in Thai-
land in the present study (Figure 1). As in previous reports
(Angust and Steffen, 1997; Steffen, 1986), TD started
within the first day after entry to Thailand, and showed the
highest proportion of onsets on the third day. About one in
three travelers to Thailand (30%) had TD within the first
week, 35% of travelers developed TD within 14 days, and
43% within 21 days (Figure 3). This increased proportion of
cumulative probability of TD also shows the highest risk of
FTD within the first week of stay.

Risk of TD was found to vary by season (Mattila et al.,
1992). Since the present study was conducted in the cooler
season (January to February) in Thailand, the incidence and
cumulative probability of FTD are expected to be higher in
the warmer season.

Among the 136 travelers arriving in Thailand directly
from Japan, 18 (13.2%) experienced TD. The cumulative
probability of FTD was 19% within the first week, 26%
within the two weeks, and 35% within three weeks (Figure
2). This shows that TD occurred more frequently during the
first week even among those who came directly from Japan.
The cumulative probability on Day 14 was similar to the in-
cidence reported by Steffen (1986). The cumulative prob-
ability on Day 20 was also similar to the incidence of TD
among American troops stationed in Thailand (Beecham et
al., 1997). Japanese travelers in Thailand seem to experi-
ence TD at a rate similar to that of European travelers (Stef-
fen, 1986). Although most subjects in the present study
were young backpackers, this does not seem likely to exert
a significant influence on TD occurrence.

Regional variations prior to entry in to Thailand influ-
enced TD occurrence (Figure 2). According to log-rank test,
travelers who arrived Thailand via other Southeast Asian
countries developed TD at a significantly higher rate than
those arriving directly from Japan (P < 0.005). It is sus-
pected that travelers arriving via Southeast Asia were ex-
posed to more TD agents before Thailand than those arriv-
ing directly from Japan. The difference in cumulative prob-
ability of FTD between travelers arriving via Southeast Asia
and from Japan may be due to the dose and type of causa-
tive agents ingested in previous regions. The difference was
23 points at Day 7, and 21 points at Day 14. The effect of
pre-region on occurrence of TD was stronger during the
first week. The evidence of the effect of pre-region indicates
that travelers might import pathogens from surrounding
countries to Thailand. This may also affect the health of the
Thai people.

Pre-regions other than Southeast Asia included high-
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risk destinations such as India and Nepal (Hill, 2000; von
Sonnenburg et al., 2000). The cumulative probability of
FTD via these areas was thought to be high before the
analysis. But in reality, it was similar to that from Japan.
this may be due to a seasonal variation (Mattila et al., 1992)
and to the inclusion of developed countries such as the U.S.
A. and Australia in “other pre-region”. Since the January to
February Period is winter in India and Nepal and the inci-
dence of diarrhea is low (Hoge et al., 1996), the effect of
pre-regions might not reflect strongly on the cumulative
probability of FTD in the present study.

Cobelens et al. (1998), Hill (2000) and Mattila (1994)
reported that 34-80% of patients with TD had abdominal
pain, 17-42% had fever, 18-45% had nausea or vomiting, 28
-69% had watery stool, and 0-5% had bloody stools. The
present study showed a similar occurrence of these symp-
toms. Although TD is a self-limiting illness and generally
resolves within a few days, the severity of TD influences
the activity of travelers: 48% of patients suffering from
classic TD took medicine, and 13% visited clinics. These
actions of Japanese travelers are similar to the finding of
Hill (2000) and Steffen et al. (1999). However, more Japa-
nese travelers with mild TD took medicine than the travel-
ers studied by Steffen et al. (1999; 43% vs. 5%). Japanese
travelers tended to take medicine more easily, but 47-50%
of travelers with moderate and mild TD took only rest with-
out any medication. Japanese travelers are likely to consider
diarrhea as slight or not severe.

A high proportion of Japanese travelers took medicine
brought from Japan. However, antibiotic resistances has
been found, recently among diarrheal pathogens (Hoge et
al., 1998; Matushita et al., 2000) and some antibiotics are
not effective for diarrhea. It is important for travelers to
know the efficacy of the medicines they carry, and to be fa-
miliar with procedures needed to obtain safe and effective
medical care.

Finally, three million Japanese travel to South Asia an-
nually, and many of them are at high risk of acquiring TD.
Nevertheless, the epidemiological study of Japanese TD has
never been conducted in South Asia before. The present
study provides basic epidemiological data concerning the
incidence of Japanese TD and the reactions to TD. However,
many factors such as various pathogens, travel destination,
length of stay, food consumption and so on (Ueda et al.,
1996; Cobelens et al., 1998; Ryan and Kain, 2000)are re-
lated to the occurrence of TD. Therefore, further investiga-
tions are needed to provide appropriate and valuable advice
to Japanese travelers on how to avoid and treat TD.
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CHILD DEATH AND WOMEN’S OWN EARNINGS ARE ASSOCIATED
WITH CONDOM USE IN MADAGASCAR
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Abstract: The prevalence of human immunodeficiency virus (HIV) infection is lower in Madagascar than in conti-
nental African countries, but recently it has steadily risen. To identify factors that facilitate or deter condom use
among married couples in Madagascar, a cross-sectional study was conducted by means of a questionnaire survey
of 977 women attending 10 health facilities for antenatal care and child care. Information on reproductive and so-
cioeconomic factors was obtained, and logistic regression analysis was used to identify factors contributing to con-
dom use. Child death and women’s earnings were statistically significant factors for condom use, with an odds ratio
of 2.0 (95% confidence interval (CI): 1.2-3.5) for the former and 1.6 (95% CI: 1.1-2.3) for the latter in the logistic
regression analysis. The promotion of economic independence among women and the reduction of child mortality
deserve greater attention in the planning of HIV prevention policy in Madagascar.
Key words: Madagascar, Condom use, Child health, Women’s socioeconomic status.

INTRODUCTION

In the face of a massive epidemic of human immu-
nodeficiency virus (HIV) infection in Africa, Madagascar
retains a very low prevalence in comparison with countries
on the African continent. However, the estimated prevalence
among adults in Madagascar has steadily risen, showing a
ten-fold increase in 6 years from 0.03% in 1992 to 0.3% in
1998 (UNAIDS/WHO 2002). This increase seems to have
accelerated in recent years based on the seropositivity of
1.0% in 1999 (Ministère de la Santé, Madagascar, 1999).
Ravaoarimalala et al. (1998) predict that HIV seropreva-
lence among adults will reach 3% in the low scenario or
15% in the high scenario by 2015.

Heterosexual contact has been the predominant mode
of transmission in Africa, making women vulnerable to the
infection from the early stage (Piot P 1984, Nzilambi N
1988). More than half of HIV-positive cases in Africa are
women, and females aged 15-19 years have a much higher
infection rate than their male counterparts (UNAIDS/WHO
2002). These facts reflect both the socioeconomic situation
of women and their biologically higher risk of becoming in-
fected: 8 times greater than in men (Padian N 1997).

Women in Madagascar seem to be in a similar situ-
ation, and they are under the threat of a surge in the HIV
epidemic. Risk factors for its spread also abound in this

country: a high prevalence of sexually transmitted infec-
tions (Harms G 1994, Behets FM 1996), early sexual debut
among youths, increased prostitution related to poverty, in-
creasing tourism and contact with people from countries
with high HIV prevalence such as India and the African
Continent.

Thus, Madagascar is at a juncture in the effort to pre-
vent and control the HIV epidemic. Condom use is cur-
rently one of the major strategies in the prevention and the
control of HIV (Population Reports 1999). However, be-
cause they lack economic resources of their own and fear of
abandonment or violence by their partners (UNAIDS 1997),
women at risk seem to have little power in using condoms
and otherwise controlling sexual activity. The purpose of
this study is to identify factors that facilitate and deter con-
dom use in Madagascar. The information obtained and pre-
sented in this paper should be instrumental in the planning
and implementation of activities to prevent and control HIV
infection in places where the prevalence is still relatively
low but timely action is urgently needed.

METHODS

A questionnaire survey was conducted in Mahajanga
District I, which has a population of 230,000. Mahajanga
District I includes Mahajanga City, a port on Mozambique
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Strait. The directors of the 19 health facilities in the area
were approached with a request to cooperate in this study.
Facilities that specialized in sexually transmitted infections
were excluded. Ten health facilities agreed to cooperate: 2
in semi-urban areas and 8 in the urban area.

Questionnaire sheets were handed to all the currently
married women who visited the clinics for antenatal consul-
tation or care of their sick children during a four-week pe-
riod in February 2000. All the women consented, signed the
form of consent to participate in the study, and responded to
the questionnaire. Registered prostitutes were excluded.
When the number of study subjects reached 100, recruit-
ment at that clinic was terminated. The questionnaire was in
French, and those who could read it (about one tenth of the
study subjects) were asked to fill in the questionnaire them-
selves. For women who could not read it, a facility staff
member read the questionnaire aloud and obtained their an-
swers. The questionnaire consisted of the following items:
age, years of school attendance, number of past pregnancies,
live births and stillbirths, deaths and causes of death of chil-
dren, presence of symptoms suggestive of sexually trans-
mitted infections, personal earnings, and condom use by
their partners.

The information obtained was analyzed using PC-SAS
(SAS Institute Inc. 1996). Logistic regression analysis was
used to assess factors related to condom use.

RESULTS

Replies to the questionnaire were obtained from a total
of 977 subjects, and their characteristics and replies are
shown in Table 1. The subjects ranged in age from 13 to 57
years, the mean and standard deviation being 28.7 and 7.4
years, respectively. The range of the number of past preg-
nancies, fetal death and child death were 0-17, 0-9 and 0-9
with mean (standard deviation) 3.8 (2.7), 0.6 (1.0) and 0.4
(0.8), respectively. Three hundred and fifty (35.8%) of the
977 subjects showed STI symptoms, the most common be-
ing vaginal discharge (24.0%), genital pain (10.4%), and
genital ganglion (1.4%). Regarding condom use, 701
(71.8%) of the 977 responded that condoms were never
used, 131 (13.4%) that they were occasionally used, and 38
(3.9%) that they were regularly used by their partners.
Ninety-four (9.6%) answered “don’t know” with regard to
condom use by their partners.

Associations between condom use and the characteris-
tics studied were assessed by the x２ test as presented in Ta-
ble 2. Condom use was dichotomized into two categories in
the analysis. Answers of “regular” and “occasional” were
classified as “use”, and answers of “never” were classified
as “non-use” with the rationale of dividing study subjects

Table 1. Social and reproductive characteristics of enrolled women

Characteristics N %

Age (n=973)
13-14 3 0.3
15-19 73 7.5
20-24 246 25.3
25-29 232 23.8
30-34 202 20.8
35-39 131 13.5
40+ 86 8.8

Pregnancy (n=977)
0 29 3.0

1-2 347 35.5
3-4 313 32.0
5-6 150 15.4
7-8 75 7.7
9+ 63 6.4

Fetal deatha (n=962)
0 615 63.9
1 223 23.2
2 78 8.1
3 29 3.0

4+ 17 1.7
Child deathb (n=977)

0 756 77.4
1 135 13.8
2 51 5.2
3 24 2.5

4+ 11 1.1
School attendancec (n=963)

<1 87 9.0
1-5 308 32.0
6-9 337 35.0
10+ 231 24.0

Own earnings (n=967)
Yes 468 48.5
No 498 51.5

Condom use (n=977)
Never 701 71.8

Occasional 131 13.4
Regular 38 3.9

Don’t know 94 9.6
No answer 13 1.3

a. Number of stillbirths and/or abortion (Number of pregnancy-Number of live births)
b. Number of dead children after live birth c.Years of school attended

Table 2. Condom use by characteristics of enrolled women

Condom use

Characteristic Respondent (N) Yes (N) ％ p-value*

Age (y) ＜25
≧25

282
584

51
117

18.1
20.0

0.522

Pregnancy ＜3
≧3

345
524

77
92

22.3
17.6

0.096

Fetal Death 0
≧1

532
323

100
67

18.8
20.7

0.534

Child Death 0
≧1

682
188

148
21

21.7
11.2

0.001

School Attendance (y) ＜10
≧10

642
218

111
56

17.3
25.7

0.010

Own earnings Yes
No

444
416

105
63

23.6
15.1

0.001

* chi-square test
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with some intention of condom use from those without any
such intention. Factors with numerical values were re-
classified as follows for multivariate analysis: age, into un-
der 25 years old and 25 years old or over; number of preg-
nancies, into less than 3 and 3 or more; number of fetal
deaths (abortion or stillbirth), into none and 1 or more;
number of dead children, into none and 1 or more; and edu-
cation, into less than 10 years and 10 years or more. The oc-
currence of more than 1 child death was significantly asso-
ciated with non-use of condoms (p=0.001). School atten-
dance for more than 10 years (p=0.01), and having personal
earnings (p=0.001) were positively associated with condom
use. However, no significant association was found between
school attendance for more than 10 years and personal earn-
ings (p=0.15, data not shown).

A multivariate logistic regression analysis was then
performed to identify variables that had a significant inde-
pendent association with condom use. Data from the 158
subjects with missing information for any factor were ex-
cluded, and the analysis was conducted on the data from the
remaining 819 subjects.

The results of the logistic regression analysis using
these variables are shown in Table 3. Child death and per-
sonal earnings by the women remained statistically signifi-
cant factors for condom use. More specifically, women
without a child death used condoms 2.0 times more than
women with at least one child death, and women with their
own earnings making a financial contribution to the house-

hold used condoms 1.6 times more than women without
their own earnings or contributions. Length of school atten-
dance was not statistically significant in the multivariate lo-
gistic regression analysis.

DISCUSSION AND CONCLUSION

Our study showed the proportion of women whose
partners used condoms regularly to be very close to the pro-
portion reported in the nationwide study of 1997 (Enquête
Démographique et de Santé Madagascar 1998), that is 4.9%
among currently married women. The proportion was rather
low, and there seemed to be no increase in use over the past
few years, even though the prevalence of HIV steadily in-
creased. Condoms seem to be used more often as a method
of contraception than as a way to protect against STIs in-
cluding HIV. The high proportion of women with signs and
symptoms of STIs in this study, which was closely consis-
tent with the proportion in a previous study (Harms G 1994),
supports this assumption. Indeed, the use of condoms is the
third most common contraceptive method among married
couples in Madagascar, after injection method (9.8%) and
contraceptive pills (8.9%) (Enquête Démographique et de
Santé Madagascar 1998).

A history of at least one child death and personal earn-
ings were associated with condom use in this study. The
number of live births and years of school attendance were
not significant factors for condom use. These results may
provide a useful insight for strategies to prevent HIV infec-
tion through the use of condoms in Madagascar and other
developing countries.

The importance of economic empowerment of women
has been relatively underestimated until recently. This study
found that the partners of women with their own earnings
used condoms more frequently than those of women with-
out their own earnings. The economic independence of
women or redress of the power imbalance between partners
seems to play a key role in the success of women’s attempt
to gain their male partners’ cooperation and acceptance of
condom use. This hypothesis is supported by the report that
women economically dependent on men had difficulty in
protecting their own reproductive health (Van der Straten et
al. 1995). Since education is thought to be a prerequisite for
economic empowerment, much attention has been paid to
women’s education. However, our results suggest that edu-
cation may not necessarily be contributory or linked di-
rectly to condom use. We propose that women’s economic
independence deserves greater attention in efforts to combat
the spread of HIV infection through condom use.

The reduction of childhood mortality seems to be an-
other key issue related to condom use. Women with a his-

Table 3. Factors associated with condom use by logistic regres-
sion analysis

Factors N OR (95% CI) P-value

Pregnancya

＜3
≧3

345
524

1.00
1.31 (0.85-2.01)

Fetal deathb

≧1
0

323
532

1.00
1.13 (0.77-1.66)

Child deathc

≧1
0

188
682

1.00
2.06 (1.22-3.50) ＜0.01

Mother’s age (y)
≧25
＜25

584
282

1.00
1.39 (0.91-2.12)

School attendance (y)
＜10
≧10

642
218

1.00
1.35 (0.92-1.98)

Own earnings
No
Yes

416
444

1.00
1.61 (1.13-2.30) ＜0.05

OR= odds ratio adjusted for each variables listed above
CI=confidence interval;
a Number of past pregnancies
b Number of pregnancies - Number of live births
c Number of dead children after live birth

２９



tory of at least one child death used condoms less fre-
quently than women with no experience of child death. In
this study, 221 (22.6%) of the 977 women experienced the
death of a child, reflecting the very high mortality among
children under 5 years of age in Madagascar: one of the 30
highest among the 191 countries in the world (UNICEF
2000). This high child mortality could dampen the motiva-
tion for contraception including condom use in society and
particularly among couples who experienced the death of
their children. Promotion of women’s health certainly plays
an important role in the health of children and family
(UNICEF 2000, McDermott JM 1996), but our results sug-
gest that the child’s health gives women the impetus to im-
prove their own health and therefore that the two are closely
related.

The general population does not yet aware of the im-
pending epidemic of HIV infection in Madagascar. Accu-
rate knowledge of HIV infection needs to be disseminated,
and education is needed to inform the population that the
most efficient method of HIV prevention is, at present, the
use of condoms. Dissemination of this information requires
that family planning be promoted and widely accepted in
Madagascar society, and condom use should be introduced
as the first priority. In conjunction with these direct condom
use campaigns, the promotion of women’s income genera-
tion and the reduction of child mortality should be intensi-
fied and integrated as closely related programs in planning
HIV prevention policy in Madagascar.
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TWO NEW SPECIES OF SIMULIUM (SIMULIUM )
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Abstract: Two new black-fly species of the subgenus Simulium (Simulium) are described and illustrated, based on
female specimens captured while approaching a human near a mountain summit in Doi Inthanon National Park,
Chiang Mai Province, northern Thailand. The first species, Simulium suchariti sp. nov., is assigned to the grisei-
frons species-group and is distinguished from most other related species by the cibarium with tubercles near the
base of its medial projection; the second, S. setsukoae sp. nov., is very similar to S. rufibasis of the tuberosum
species-group but is distinguished from the latter by the shorter length of clustered stout hairs on the seventh ab-
dominal segment and the ovipositor valve with its posteromedial corner widely bare.
Key words: black fly, Simuliidae, Simulium , Thailand, new species, griseifrons species-group, tuberosum species-
group

During our recent collections of adult black flies using
a human attractant in Doi Inthanon National Park, Chiang
Mai, northern Thailand, we obtained females of two unde-
scribed species of the subgenus Simulium Latreille s. str. of
the genus Simulium Latreille s. l. The first species seems to
belong to the griseifrons species-group (Takaoka and
Davies, 1996) in that it possesses five longitudinal vittae on
the scutum, simple claws and triangular ovipositor valves;
while the second is conspecific to Simulium sp. D, recorded
from the same national park by Takaoka and Suzuki (1984).
The latter species is very closely related to S. rufibasis Bru-
netti, 1911 and S. weji Takaoka, 2001, of the tuberosum
species-group, by the presence of a pair of clustered hairs
on the ventral surface of the seventh abdominal segment of
the female (Puri, 1932a; Takaoka, 2001). These two species
are new to science and so described below.

The morphological features and terms used herein fol-
low those of Takaoka (2003).

Holotype and paratype specimens will be deposited at
the Natural History Museum (BMNH), London, U.K.

Simulium (Simulium) suchariti sp. nov.

DESCRIPTION. Female. Body length about 2.4 mm.
Head. Narrower than width of thorax. Frons slaty black,
shiny, widely bare except for several dark stout hairs along
each lateral margin; frontal ratio 1.4:1.0:1.2－1.3; frons-
head ratio 1.0:3.5－4.1. Fronto-ocular area (Fig. 1) moder-

ately developed. Clypeus slaty black, white pruinose, shiny,
sparsely covered with dark stout hairs except for the medial
portion widely bare longitudinally. Labrum about 0.7 times
as long as clypeus. Antenna composed of 2+9 segments, all
brownish black to black though base of 1st flagellar seg-
ment narrowly light brown; 1st flagellar segment 1.7－2.0
times as long as 2nd one. Maxillary palp composed of 5
segments, black except 4th and 5th segments greyish black,
with proportional lengths of 3rd, 4th and 5th segments 1.0:
1.0:2.0－2.1; 3rd segment (Fig. 2) of moderate size; sen-
sory vesicle large, elongate, with rugged surface, about 0.4
times length of 3rd segment, with medium-sized round
opening near apex. Maxillary lacinia with 13－15 inner
and 14－16 outer teeth. Mandible with 24－28 inner and
12 outer teeth. Cibarium (Fig. 3) with a narrow medial pro-
jection directed dorsally, and covered with many minute tu-
bercles on this projection and 10－12 somewhat larger ones
near its base. Thorax. Scutum black (except anterolateral
calli medium brown), shiny, whitish-grey pruinose, with 5
dark longitudinal non-pruinose vittae (i.e., 1 very narrow
medial, 2 rather broad submedial, and 2 rather broad lateral
vittae), all united on prescutellar area when illuminated dor-
sally and viewed anterodorsally (this color pattern reversed
when viewed from behind); scutum with a pair of white
submedial spots near anterior margin when illuminated an-
teriorly and viewed dorsally; scutum densely covered with
yellow recumbent fine hairs interspersed with long upstand-
ing dark hairs on prescutellar area. Scutellum dark brown,
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shiny, whitish-grey pruinose, with long dark and short yel-
low hairs. Postnotum dark brown to brownish black, shiny,
whitish-grey pruinose, without hairs. Pleural membrane
bare. Katepisternum longer than deep, and bare . Legs.
Foreleg: coxa whitish yellow; trochanter dark brown except
under surface yellow basally; femur yellow on basal 1/2 and
brownish black on apical 1/2; tibia whitish yellow except
apical 1/4 brownish black; tarsus entirely black; basitarsus,
2nd and 3rd tarsal segments somewhat dilated; basitarsus
about 6.4 times as long as its greatest width. Midleg: coxa
brownish black; trochanter dark brown to brownish black

except base yellow; femur brownish black except dorsal
surface of basal 1/5 and ventral surface of basal 1/4 or 1/3
yellow; tibia white except apical 1/3 brownish black; tarsus
brownish black except base of basitarsus dark yellow. Hind
leg: coxa dark brown to brownish black; trochanter yellow;
femur brownish black except basal 1/4 yellow; tibia white
except a little less than apical 1/3 brownish black; tarsus
brownish black except basal 1/2 of basitarsus and base of
2nd tarsal segment whitish yellow; basitarsus (Fig. 4) nearly
parallel-sided, about 5.6 times as long as wide, about 0.8
and 0.7 times as wide as hind tibia and femur, respectively;

Figures 1-7. Morphological characters of female Simulium suchariti sp. nov. 1, fronto-ocular area; 2, 3rd segment of maxillary
palp with sensory vesicle; 3, cibarium; 4, basitarsus and 2nd tarsal segment of hind leg (left side and outside view);
5, medial portion of ventral surface of the abdominal segment 7 showing a pair of submedial sternal plates; 6, ster-
nite 8, ovipositor valves, genital fork and spermatheca in situ (ventral view); 7, right paraproct and cercus (lateral
view). Scale bars. 0.05 mm for all figures.
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calcipala distinct, 0.9 times as long as wide and about 0.5
times as wide as the width of apical portion of basitarsus;
pedisulcus distinct. All tarsal claws simple, without basal
or subbasal tooth. Wing. Length 2.4－2.7 mm. Costa with
dark spinules and hairs; subcosta haired except apical 1/5 to
2/5 bare; basal section of radial vein bare; R1 with spinules
and hairs; R2 with hairs only; hair tuft at base of stem vein
dark brown; basal cell absent. Abdomen. Basal scale dark
brown, with a fringe of dark long hairs on each side; dorsal
surface of abdominal segments light to medium brown and
somewhat greyish, with many vertical wrinkles except ter-
gites dark brown and smooth; tergite 2 with a pair of silvery
shiny dorsolateral patches not connected medially to each
other; tergites 3, 4 and 5 small, nearly as long as wide; ter-
gite 6 about 1.5 times as wide as long, tergites 7－9 large
and wide, tergites 6－9 shiny; dorsal surface of segments 2
and 3 almost bare, but that of the remaining segments
sparsely covered with dark short hairs. Ventral surface of
abdominal segments 2－7 ocherous except a pair of subme-
dial sternal plates on segment 7 (Fig. 5) dark brown, and
sparsely covered with dark hairs except 2nd and 3rd seg-
ments almost bare. Genitalia (Figs. 6 and 7). Sternite 8
well sclerotized, dark brown to brownish black, bare medi-
ally, and with 17－19 long stout hairs as well as a few short
hairs laterally on each side; ovipositor valve triangular in
shape, membranous, covered with 12－16 stout hairs as
well as numerous microsetae; inner border nearly straight,
well sclerotized except near apex transparent. Genital fork
inverted-Y-shaped, with well-sclerotized stem; arms slender,
each with strongly sclerotized apical bulge having a distinct
projection directed anteriorly. Paraproct in ventral view
with distinct shallow concavity on ventral surface along an-
teromedial margin; anteromedial surface of paraproct mod-
erately sclerotized, and with a few short sensilla; paraproct
much produced ventrally, covered with 14－19 short stout
hairs on ventral and lateral surfaces. Cercus in lateral view
much wider, about 2.7 times as wide as long, covered with
many short stout hairs. Spermatheca nearly ovoid, 1.2
times as long as wide, well sclerotized (though duct and
large area around the base of duct unsclerotized), with faint
reticulate surface pattern; minute internal setae present; ac-
cessary ducts subequal in diameter to each other, and some-
what larger than the major one.

TYPE SPECIMENS. Holotype female, collected with a
hand net while approaching a human, near the mountain
summit of Ang Ka, altitude 2,465 m, Doi Inthanon National
Park, Chiang Mai Province, northern Thailand, 21. IX. 2003,
by W. Choochote. Paratype 1 female, same data as holo-
type except date, 19. IX. 2003.

ETYMOLOGY. The species name suchariti is in honor of
Prof. Supat Sucharit, former head of the Department of
Medical Entomology, Faculty of Tropical Medicine, Mahi-
dol University, Bangkok, Thailand, whom the junior author,
WC, thanks for his advice and encouragement.

REMARKS. Simulium suchariti sp. nov. is similar in the
female to S. kawamurae Matsumura, 1915 from Japan
(Bentinck, 1955) in that it has the triangular ovipositor
valve with several stout hairs and the cibarium with a me-
dial projection directed anteriorly and covered with tuber-
cles on and near this projection, as well as the scutum with
five longitudinal vittae. The female of S. kawamurae dif-
fers from that of this new species by the first flagellar seg-
ment of antenna about 1.3 times as long as the second one,
the sensory vesicle about 0.35 times as long as the third
maxillary palpal segment, mid and hind basitarsi whitish on
basal 1/2 and on basal 2/5, respectively, and the cercus
about 1.6 times as wide as long. This new species is similar
to S. digrammicum Edwards, 1928, originally described
from female specimens collected in peninsular Malaysia
and Thailand (Edwards, 1928; Takaoka and Davies, 1995)
and S. griseifrons Brunetti, 1911, from India (Puri, 1932b),
but is distinguished by the bare basal portion of the radial
vein (cf. fully haired in S. digrammicum and haired or bare
in S. griseifrons), a pair of submedial sternal plates (Fig. 5)
(cf. one medial sternal plate in the two known species), and
the presence of tubercles near the base of the medial projec-
tion of the cibarium (Fig. 3). The female of S. suchariti is
also similar to that of S. maenoi Takaoka and Choochote,
2002, found in northern Thailand (Takaoka and Choochote,
2002) in that it has the bare basal portion of radial vein, but
differs by the presence of many tubercles near the base of
the medial projection of the cibarium (Fig. 3).

The male, pupa and larva of this new species are un-
known yet.

Simulium (Simulium) setsukoae sp. nov.
Simulium (Simulium) sp. D: Takaoka and Suzuki, 1984 (fe-
male)

DESCRIPTION. Female. Body length 2.2－3.1 mm.
Head. Narrower than width of thorax. Frons slaty black,

shiny, with several dark stout hairs along lateral margins;
frontal ratio 1.3－1.4:1.0:1.1; frons-head ratio 1.0:3.5－3.7.
Fronto-ocular area (Fig. 8) moderately developed, short and
rounded apically. Clypeus slaty black, shiny, with scattered
dark stout hairs marginally. Labrum 0.61－0.64 times as
long as clypeus. Antenna composed of 2+9 segments, dark
brown except base of 1st flagellar segment narrowly yellow;
ventral surface of 1st flagellar segment dark yellow in some
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females; 1st flagellar segment about 1.5 times as long as
2nd one. Maxillary palp brownish black, composed of 5
segments with proportional lengths of 3rd, 4th and 5th seg-
ments 1.0:1.0:2.1; 3rd segment (Figs. 9 and 10) of moderate
size; sensory vesicle long, 0.39－0.49 times length of 3rd
segment, with medium-sized opening medially or apically.
Maxillary lacinia with 14－18 inner and 17－19 outer teeth.
Mandible with about 34 inner and 13－15 outer teeth.
Cibarium (Fig. 11) with numerous minute tubercles near the

anterior margin. Thorax. Scutum slaty black, shiny, not
patterned, moderately covered with copper-colored recum-
bent hairs (appearing shiny yellow at certain angle of light),
interspersed with dark long upstanding hairs on prescutellar
area; scutum thinly grey pruinose when illuminated at a cer-
tain angle of light. Scutellum dark brown, with dark long
hairs. Postnotum dark brown, shiny, without hairs. Pleural
membrane bare. Katepisternum longer than deep, and bare.
Legs. Foreleg: coxa dark yellow or light yellowish-brown;

Figures 8-15. Morphological characters of female Simulium setsukoae sp. nov. 8, fronto-ocular area; 9 and 10, 3rd segments
of maxillary palp with sensory vesicle; 11, cibarium; 12, basitarsus and 2nd tarsal segment of hind leg (left side
and outside view); 13, right half of medial portion of ventral surface of the abdominal segment 7 showing small
sternal plate and clustered hairs on it; 14, sternite 8, ovipositor valves, genital fork and spermatheca in situ (ven-
tral view); 15, right paraproct and cercus (lateral view). Scale bars. 0.05 mm for all figures.
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trochanter and femur dark brown; tibia dark brown with
outer median portion largely yellowish white, and extensive
white sheen on outer margin when illuminated; basitarsus
entirely dark brown, slightly dilated, 6.4 times as long as its
greatest width, with short dorsal hair crest; rest tarsal seg-
ments dark brown. Midleg: dark brown except basal 1/4 to
2/5 of tibia and a little less than basal 1/2 of basitarsus whit-
ish yellow; tibia with extensive white sheen on posterior
surface when illuminated. Hind leg: dark brown with basal
1/3 of tibia, a little more than basal 1/2 of basitarsus and ba-
sal 1/2 of 2nd tarsal segment yellowish white; tibia with ex-
tensive white sheen on posterior surface when illuminated;
basitarsus (Fig. 12) parallel-sided, 6.6 times as long as wide,
0.62 and 0.56 times as wide as the greatest width of hind
tibia and femur, respectively; calcipala short, 1.1 times as
wide as long, and 0.57 times as wide as basitarsal tip; pedi-
sulcus distinct. All tarsal claws simple, without basal or
subbasal tooth. Wing. Length 2.5－2.8 mm; costa with
spinules and hairs; subcosta haired except apical tip bare;
basal section of vein R bare; R1 with spinules and hairs; R2

with hairs only; hair tuft at base of stem vein dark brown;
basal cell absent. Abdomen. Basal scale dark brown with
fringe of dull long hairs; dorsal surface of abdomen me-
dium to dark brown, with dark hairs; 2nd segment with a
pair of silvery iridescent spots dorsolaterally, broadly con-
nected in middle to each other; tergites 3, 4 and 5 small and
dull, but tergites 6－8 large and shiny. Ventral surface of
abdominal segment 7 (Fig. 13) with a pair of small subme-
dial sternal plates, and with a cluster of 11－15 stout hairs
on each sternal plate (hairs on sternal plates subequal in
length to those on the surrounding area of the same seg-
ment). Genitalia (Figs. 14 and 15). Sternite 8 well scle-
rotized, bare medially but with 8－11 long stout hairs as
well as a few short slender hairs laterally on each side; ovi-
positor valve triangular in general shape having a small flap
-like posteromedial corner with rounded margin, membra-
nous, covered with 5－8 short setae as well as numerous
microsetae except narrow portion along inner margin and
rather wide portion near posteromedial corner bare; inner
margins slightly to widely curved, and moderately scle-
rotized. Genital fork inverted-Y-shaped, with well-
sclerotized stem; arms slender, each with strongly scle-
rotized projection directed anterodorsally. Paraproct much
longer than cercus, covered with 26－30 short stout hairs
on lateral and ventral surfaces; anteromedial surface
strongly sclerotized. Cercus rounded posteriorly, about 0.5
times as long as wide, covered with about 20 short stout
hairs on outer surface. Spermatheca nearly globular, well
sclerotized (though duct and small area around base of duct
unsclerotized); no definite reticulate pattern; minute internal
setae present; accessary ducts of moderate size, subequal to

that of the main one.

TYPE SPECIMENS. Holotype female, collected with a
hand net while approaching a human, near the mountain
summit of Ang Ka, altitude 2,465 m, Doi Inthanon National
Park, Chiang Mai Province, northern Thailand, 18. IX. 2003,
by W. Choochote. Paratypes 3 females, same data as holo-
type, 1 female, same data as holotype except date, 21. IX.
2003, and 4 females, same data except date, 25. XII. 2001.

OTHER SPECIMENS EXAMINED. 6 females (labelled
Simulium sp. D) collected with a hand net while biting a
human, altitude ca. 2,400 m, Doi Inthanon National Park,
20. II. 1978, by H. Suzuki.

ETYMOLOGY. The species setsukoae is named after the
wife of Dr. Hiroshi Suzuki, Nagasaki University, who col-
lected female specimens of this new species for the first
time in 1978 (Takaoka and Suzuki, 1984).

REMARKS. Simulium setsukoae sp. nov. is very similar to
the female of S. rufibasis in many features including the leg
color, but is distinguished from the latter by the short size of
the clustered hairs on the seventh abdominal segment which
are subequal to those on the surrounding area (Fig. 13), as
already mentioned by Takaoka and Suzuki (1984). In addi-
tion to this difference, this study clarified that the two spe-
cies differ from each other in the ovipositor valve, i.e., its
posteromedial corner widely bare in S. setsukoae (Fig. 14)
but moderately setose in S. rufibasis. This new species is
also similar to S. weji , found in northern Thailand (Takaoka,
2001), which has also a pair of clustered hairs on the sev-
enth abdominal segment, but the latter species has many
different characteristics including the smaller sensory ves-
icle, the cibarium with a reduced number of tubercles, the
hind femur not entirely dark, and the clustered hairs much
longer than those of S. rufibasis (Takaoka, 2001; Takaoka
and Suzuki, 1984).

The male, pupa and larva of this new species remain
unknown.
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