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Statistical analysis

Nonparametric analysis was performed with the
Mann-Whitney U test. p-values < 0.05 were considered
to be statistically significant.

RESULTS

Specificity of PCR method

To test the specificity of the probes for the SSU
tRNA genes of the 4 species of Plasmodium, PCR was
performed with a species-specific gene fragment in the
plasmid as a template. The amplification plot with the
P. falciparum-specific probe is shown in Fig 1. Only
signal from the P. falciparum plasmid DNA was
detected, whereas signals from other species were not
detected. The probe detected P. falciparum plasmid
DNA in a concentration-dependent manner. The
specificity of the probe was confirmed with the use of
cultured parasite DNA as a template. Equivalent
specificity of the probes for the other 3 parasite species
was obtained with the use of species-specific genes in
the plasmid as the template DNA (data not shown).

Sensitivity of PCR method

The sensitivity of the method was determined with
a 10-fold dilution of cultured P. falciparum-infected
erythrocytes. P. falciparum DNA could be detected in
a reaction containing as few as 5 parasite-infected
erythrocytes.

Application of PCR method to clinical blood
samples

DNA extracted from patient blood was analyzed
by real-time PCR (Table 2). Parasite DNA was detected
in 100 blood samples. In 1 group of 50 samples, which
were diagnosed as P. falciparum infection by
microscopic examination, P. falciparum DNA alone

Table 2

was detected in 40 samples, and P. vivax DNA alone
was detected in 3 samples. Both P. falciparum DNA
and P. vivax DNA were found in 7 samples. In the
second group of 50 samples, which were diagnosed as
P, vivax infection by microscopic examination, P. vivax
DNA alone was detected in all 50 samples. DNA of

. other parasite species was not detected in these

samples.
DISCUSSION

Several techniques for the detection of malaria
parasite DNA and RNA have been developed. These
techniques, including standard PCR (Snounou et al,
1993a), nested PCR (Snounou et al, 1993b; Kimura et
al, 1997; Rubio et al, 2002), and DNA probe assay
(McLaughlin et al, 1993), are objective and have
advantages in specificity and sensitivity. In the present
study, we applied real-time PCR with TaqMan
technology for the detection and discrimination of
human malaria parasite species. An approximate 150-
bp region of the SSU rRNA gene of Plasmodium
(Waters and MacCutchan, 1989) was amplified with
interspecies conserved universal primers and was
detected with species-specific TagMan MGB probes.
In experiments with the plasmid-cloned SSU rRNA
gene fragment as a template, probes specific for each
parasite species only amplified DNA corresponding
to each species, with no cross-reactivity with that of
other species. In experiments with DNA from cultured
P. falciparum-infected erythrocytes as the template, the
detection and discrimination threshold for the PCR
method was 5 parasite-infected erythrocytes per
reaction. Equivalent sensitivity was determined for the
3 other parasite species. It has been reported that
microscopy can routinely detect as few as 10-100
malaria parasites per yl of blood (Rubio et al, 2002).

Comparison of real-time PCR and microscopic examination for diagnosis of malaria in blood samples from Thai
patients.

Microscopy Real-time PCR®
Pf Pv Pf + Pv Po Pm
Pf 50 40 3 1 0 0
Pv 50 0 50 0 0 0
Total 100 40 53 7 0 0

¥ Numbers underlined indicate discrepant results between the 2 methods.

®pr: P. falciparum; Pv: P. vivax; Po: P. ovale, Pm: P. malariae
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REAL-TIME PCR FOR DISCRIMINATION OF MALARIA PARASITES

Fig 1- Amplification plot of fluorescence against cycle number for 4 SSU rRNA genes of human malaria parasites, P, falciparum,
P. vivax, P. ovale and P. malariae. ARn is relative fluorescence units. One hundred nM TagMan MGB probes specific for P.
falciparum and 300 nM universal primers for Plasmodium SSU rRNA gene were used. The templates were composed of
plasmid DNA with a species-specific SSU rRNA gene. Each curve indicates the template used:

1-5 = plasmid DNA with the P. falciparum gene, 10 ng, 1ng, 100 pg, 10 pg, and | pg, respectively; 6 = plasmid DNA
with the P. vivax gene, 10 pg; 7 = plasmid DNA with the P. ovale gene, 10 pg; 8 = plasmid DNA with the P. malariae

gene, 10 pg; 9 = No template control.

Thus, the sensitivity of the real-time PCR method
reported here is apparently higher than that of
microscopic examination.

To evaluate the real-time PCR method, blood
samples from Thai patients who were diagnosed by
microscopy were utilized. Interestingly, comparison
of methods for the 100 blood samples showed that the
PCR method could detect mixed infection in 7% of
the samples, whereas microscopic observation detected
only a single infection for the same samples (Table 2).
All samples diagnosed as mixed infection by PCR
showed relatively low parasite counts by microscopy.
Mean parasitemia in the group with P. falciparum
single infection was 0.82%, whereas that in the group
with mixed infection was 0.17% (p<0.05). It is known
that P. vivax and P. falciparum in the ring/early
trophozoite stage are difficult to distinguish,
particularly when the level of parasitemia is low
(Snounou et al, 1993b), and microscopic diagnosis may
only be successfully performed when the late asexual
stages of P. vivax are present in the sample (Rubio et
al, 2002).

Recently, the real-time PCR method, with other
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systems, such as SYBR® Green I have been used in
malaria research (Polanco et al, 2002; Cheesman et
al, 2003; de Monbrison er al, 2003). However,
nonspecific binding of SYBR® Green I to primer-
dimers and spurious amplicons must be minimized by
careful optimization of the reaction conditions (Bell
and Ranford-Cartwright, 2002). In the present study,
we found that real-time PCR with target-specific
TagMan MGB probes allowed for high-performance
detection and discrimination of parasite DNA without
complicated optimization procedures. Because this
PCR method uses standard cycling conditions and
reagent concentrations, it permits simultaneous assay
of multiple targets. This method may be useful in
monitoring the effectiveness of malaria chemotherapy
in situations where drug-resistant strains are prevalent.
Drug-resistant genes of the parasite, such as pfcrt and
pfmdr-1, would be used as targets. Further application
of the real-time PCR method with allele-specific probes
for other genetic markers of malaria parasites, or for
human genetic markers associated with susceptibility,
may increase the efficacy of treatment as well as the
prevention of this most globally prominent infectious
disease.
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A PILOT FIELD TRIAL OF AN IN VITRO
DRUG SUSCEPTIBILITY TEST USING
THE ANAEROPACK® MALARIA CULTURE SYSTEM
ON THE THAI-MYANMAR BORDER

TOSHIMITSU HATABU"?, SHIN-ICHIRO KAWAZU', SOMEI KOJIIMA?®, PRATAP SINGHASIVANON?,
SRIVICHA KRUDSOOD', SORNCHAI LOOAREESUWAN', SHIGEYUKI KANO"*
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Abstract: The AnaeroPack® malaria culture system with a portable thermostat incubator was evaluated in a field
laboratory on the Thai-Myanmar border conducting in virro drug susceptibility tests on blood samples from 5
Karen children infected with P. falciparum. Only one isolate was susceptible to chloroquine; the others were highly
resistant. The ICso value of an isolate was only resistant to mefloquine, whereas the values of the 3 patients who
presumably showed recrudescence were slightly elevated in the susceptible ranges. These results suggested that
chloroquine should no longer be used for P. falciparum malaria in this geographic area, and that mefloquine should
be carefully monitored for its in vivo effectiveness. In this study, the AnaeroPack®™ malaria culture system with
portable thermostatic incubator is a powerful and useful mobile tool, which aids in providing detailed evidence-
based distribution data concerning of drug resistant malaria in the field.

Key words: AnaeroPack®, Drug susceptibility test, Plasmodium falciparum

INTRODUCTION

Since chloroquine-resistant Plasmodium  falciparum
was first reported in 1959 in Thailand, it has developed re-
sistance to all commonly used drugs [1]. The spread of
multi-drug resistant P. falciparum is now a major public
health problem worldwide, with prophylactic and therapeu-
tic implications [2]. Evidence-based detection of drug-
resistant parasites is important for the accurate evaluation of
susceptibility to antimalarial drugs. However, isolation of
fresh parasites for in vitro drug susceptibility testing is
often difficult in the field because of the precise experimen-
tal conditions needed for the test. /n vivo susceptibility tests
are frequently conducted, but they sometimes fail because
of difficulties in following up the patients. In fact, it is
sometimes difficult to determine whether an adequate drug
concentration has been successfully achieved in the pa-
tients’ blood. Therefore, in virro tests are indispensable to
determine the exact degree of resistance acquired by the

parasites.

We previously reported that the AnaeroPack® gas sys-
tem can be used for the continuous cultivation of both labo-
ratory strains and fresh isolates of P. falciparum from pa-
tients [3]. This gas system is safer, simpler, and easier to use
than the candle jar method. In this study, we evaluated the
AnaeroPack™ malaria culture system with a portable ther-
mostat incubator in a field laboratory on the Thai-Myanmar
border to conduct in virro drug susceptibility tests on P, fal-
ciparum. The feasibility of the system and the results of the
tests are described in this report.

The study was conducted at Rajanagarindra Tropical
Disease International Center, a field laboratory center of the
Faculty of Tropical Medicine, Mahidol University, located
in Suan Phung, Rachaburi, about 200 km west of Bangkok.
The area was inhabited by Karen as well as Thai people,
and in 2001 more than 6,000 people were subjected to mi-
croscopic diagnosis of malaria in the center with about
1,000 positive cases found. Malaria is endemic throughout
the year in this area with the peak season occurring around
May and June. Mefloquine is currently the first drug of
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choice for the treatment of uncomplicated malaria, and arte-
sunate, a qinghaosu derivative, is administered in compli-
cated cases.

The AnaeroPack® CO, (Mitsubishi Gas Co., Tokyo, Ja-
pan) is a foil-packed paper sachet that on exposure to air
immediately absorbs atmospheric O; and simultaneously
generates CO: until a condition of 15% O: and 5% CO:; is
attained. The microaerophilic atmosphere produced within a
sealed jar (AnaeroPack™ Kakugata jar, SUGITYAMA-GEN
Co., Ltd., Tokyo, Japan) can be maintained for at least 24
hours. A portable thermostat incubator (SUGIYAMA-GEN
Co., Ltd.) was carried to the laboratory, and the temperature
inside the incubator was adjusted to 37°C. During P. falcipa-
rum cultivation, the sachet inside the jar was replaced with
a new sachet every day when the culture medium was
changed (Fig. 1).

The in vitro drug susceptibility test used in this study
was a modified semi-micro test described previously [4, 5].
The following procedures were conducted right after the
sampling in the field laboratory center. Briefly, blood sam-
ples were washed 3 times with RPMI 1640 and resuspended
in RPMI 1640 (GIBCO BRL), pH 7.4, supplemented with

(A)

(B)

Figure {. AnaeroPack”® culture system. (A} the portable incu-
bator and (B) the AnaeroPack™ Kakugata jar with a
culture plate inside.

10% human serum (from non-immune Japanese donors
without a previous history of malaria; Blood Type A) and
25 pg/ml gentamicin (Sigma, Saint Louis, Mo), 25 mM
HEPES, and sodium bicarbonate at a hematocrit of 5%.
Five hundred microliters of the erythrocyte suspension were
placed in each well of a tissue culture plate (24-well flat
bottom, Corning Costar, NY). Chloroquine diphosphate was
purchased from Sigma. Mefloquine hydrochloride was
kindly provided by Hoffman-La Roche Ltd., Basel. Twenty
microliters of chloroquine diphosphate or mefloquine was
added to each well (for chloroquine to create a series of
doubling dilutions from 20 to 10240 nM, and for meflo-
quine to create a series of 10 times dilutions from 0.01 to
1000 nM dissolved in distilled water). To monitor parasite
growth, 6 wells per plate served as controls without antima-
larials. When the schizonts were fully grown in the control
wells, the culture plate was removed from the incubator.
Thin-smear specimens stained with Giemsa solution were
made from each well, and we counted the number of eryth-
rocytes microscopically in the control smears until encoun-
tering 50 schizonts. We defined the schizonts as parasites
that have both dark brown pigment and more than 3 nuclei
[6]. The effect of antimalarials on parasite growth was
evaluated by observing the decreased number of schizonts
per equal number of erythrocytes counted previously in the
control cultures. The percentage of growth inhibition effect
was calculated as follows: test well schizont count/control
well schizont count (50) x 100. Fifty percent growth inhibi-
tory concentration (ICs) was calculated from the inhibition
curve obtained from the values by a statistical probit
method.

Blood samples were obtained from 5 Karen children
age 5 to 13 years (Table 1). The guardians gave written con-
sent to this study, which had been approved by the Ethical
Committee of Mahidol University. This survey research also
followed the ethical guidelines for epidemiological studies
by the Ministry of Education, Culture, Science and Tech-
nology and Ministry of Health, Labour and Welfare of Ja-
pan. Three of the 5 patients had a history of P. falciparum
malaria within 1 month, and they had received mefloquine
at that time. The parasitemias of the patients were relatively
low, 0.05-0.20%. The incubation period (the time needed
for the tested isolates to grow to schizonts) ranged from 48
t0 96 hrs. The ICs values of the isolates for chloroquine
varied from 91 to 402 nM, with-a geometric mean of 273
nM and SD of 90 nM. Only one isolate, from patient B, was
susceptible to chloroquine; the others were highly resistant.
The ICs values of the isolates for mefloquine varied from 4-
52 nM, with a geometric mean of 24 nM and SD of 13 nM.
The ICx value of the isolate from patient A was only resis-
tant to mefloquine, whereas the values of the 3 patients who
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Table 1 Profiles of the P, falciparu{‘n isolates from 5 patients in Suan Phung
No. Age  Sex % Parasitemia Day of Chloroquine i Mefloquine ]
recrudescence ICs (nM) Judgment ICo (nM)  Judgment”
A 12 female 0.30 none 231 Resistant 52 Resistant
B 13 male 0.05 D29 91 Susceptible 18 Susceptible
C 8 male 0.20 D24 358 Resistant 27 Susceptible
D 12 male 0.11 none 285 Resistant 4 Susceptible
E 5 female 0.11 D22 402 Resistant 17 Susceptible
* Threshold of ICs for chloroquine resistance is 114 nM [5].
** Threshold of ICs for mefloquine resistance is 40 nM [9].
presumably showed recrudescence were slightly elevated in
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