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Dokkyo Medical University, Japan. SEA
was prepared using the method described
by Matsuda et al (1984). Eggs of S. mekongi
were isolated from infected mice intestines
by digestion method using actinase E (No.
122, Kaken Pharmaceutical, Tokyo, Japan)
and collagenase (C6885, Sigma-Aldrich, St.
Louis, MQ), and the collected eggs were
subsequently lyophilized. SEA was ex-
tracted from lyophilized eggs with carbon-
ate buffer (0.05 M, pH 9.6). After protein
content measurement using Bradford re-
agent (#500-0006, Bio-Rad Laboratories,
Hercules, CA), 1 ml aliquots of SEA solu-

tion were placed in small tubes and stored -

at -80°C until use.

ELISA
The ELISA was performed as described

by Matsuda et al (1984) and Hirose et 41 »

(2005) with some modifications. In this
study, the standard ELISA technique used
in our laboratory was designated as con-
ventional-ELISA (conv-ELISA). S. mekongi
SEA was dissolved in carbonate buffer at a
concentration of 2 pg protein/ml just before
sensitization of the ELISA plate (N0.762070,
Greiner Bio-One, Frickenhausen, Ger-
many). Each well of the ELISA plate was
sensitized overnight with 0.1 ml of S.
mekongi SEA diluent. After washing the

wells with T-PBS (0.15 M phosphate buff-

ered-saline containing 0.05% Tween 20), the
inner surfaces of the wells were blocked
with 0.12 ml of BSA/T-PBS solution (T-PBS
containing 1% bovine serum albumin) for
10 minutes.

We used horseradish peroxidase
(HRP)-conjugated anti-human IgG goat
serum (55252, MP Biochemicals, LLC-
Cappel Products, Soton, OH) for the en-
zyme-conjugated antibody and 2,2"-azino-
bis (3-ethylbenzthiazoline-6-sulfonic acid)
di-ammonium salt (ABTS)(A-1888, Sigma-
Aldrich, St. Louis, MO) as a substrate for
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HRP. The optimal concentrations of anti-
gen, test sera, and enzyme conjugate were
determined using checkerboard titration.
The test serum was diluted to 1:200 with
BSA/T-PBS, and 0.1 ml of the dilution was
put in each well. After incubation of the
plate at 37°C for 45 minutes, the wells were
washed three times with T-PBS. Zero point
one milliliter of HRP conjugate diluted to
1:1,200 was then added, and the plate was
incubated at 37°C for 60 minutes. After
washing, 0.2 ml of ABTS solution (0.03%
ABTS, 0.25 M citric acid, 0.25 M sodium
dihydrogen phosphate, 0.003% H,0,) was
put in each well and the plate was kept at
room temperature for 1 hour to allow en-
zyme reactions. The optical density (OD)
of each well was read by a microplate
reader (MTP-120, CORONA ELECTRIC,
Ibaraki, Japan) at 415 nm.

For SMP-ELISA, SMP treatment of
antigen was performed as described by
Alarcon de Noya et al (2000) except for
the concentration of SMP solution. The
S. mekongi SEA-sensitized plate was pre-
pared using the same method as conv-
ELISA and was washed with 50 mM so-
dium acetate buffer (pH 4.5). Each well
was treated with 0.1 ml of 0.5 mM SMP
solution (0.5 mM SMP in sodium acetate
buffer) at room temperature for 1 hour in
the dark. After briefly washing the treated
plate with PBS, 0.12 ml of 50 mM sodium
borohydride in PBS was added to the wells
and the plate was incubated for 30 min-
utes at room temperature. After washing
three times with T-PBS, the plate was sub-
jected to ELISA in a similar manner as
conv-ELISA, except the dilution of HRP
conjugate was 1:6,000. Optimal concentra-
tions of SMP solution and enzyme conju-
gate were determined using checkerboard
titration to make the positive reference
serum produce an OD value comparable
with that of the conv-ELISA.
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Evaluation of cross-reaction with other
parasites '

A parasitological survey was con-
ducted in Kratie Province, Cambodia in
May 2005 as part of the National Schisto-
somiasis Control Program. In this survey,
eggs from other helminths were found at
positivity rates of 14.6-25.8% by stool ex-
amination in a village, Talous, located 5 km
south of the city of Kratie. According to a
previous survey, Talous was known as an
area with low transmission of S. mekongi.
Therefore, we compared the results of stool
examination with those of the two ELISA
methods in samples obtained from Talous

to evaluate cross-reaction with other para-

site infections by ELISA. Blood and stool
were collected from 151 residents in
Talous. Blood samples were collected.on
blood sampling filter papers (Advantec
Toyo Kaisha, Tokyo, Japan) after finger
pricking. The blood samples on filter pa-
per were dried and transported to the labo-
ratory in Japan. Discs (3 mm in diameter)
were cut out from the blood sampling fil-
ter paper and placed individually into
wells of deep-well microplates. Each disc
with blood was immersed in 400 1l of BSA/
T-PBS containing 0.5% skimmed milk,
shaken vigorously, and incubated over-
night at 4°C after vigorous shaking. The
resulting extract was estimated to have a
1:200 dilution of the plasma specimen and
was tested by the ELISA methods as de-
scribed above. For reasons described in the
Discussion section, we used the criterion
that ELISA values = 0.2 were positive. Stool
examination was conducted using a for-
malin-detergent technique (Waikagul et al,
1997). In brief, 0.5 ml of each stool sample
was suspended in a formalin-detergent
solution (10% liquid dish-washing deter-
gent, 2% formalin in water) and incubated
for 30 minutes at room temperature. The
suspension was filtered through gauze
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into another tube and then shaken vigor-
ously. The suspension was allowed to
settle for 3 hours, after which the super-
natant was discarded. The remaining pel-
let was dissolved in 10% formalin to give
a volume of 1 ml. The resulting specimen
was mixed well, then 0.04 ml of the speci-
men was examined under the microscope.
Each sample was examined twice.

Statistical analysis

The software program Microsoft Ex-
cel (Microsoft Office Excel 2003, Microsoft,
Washington, WA) was used to calculate the
correlation coefficient (r).

The two-sided probability (P) for the
Fisher’s exact probability test was calcu-
lated by standard statistical software (Dr.
SPSS 2 for Windows, Version 11.0.1], SPSS,
Chicago, IL). P-value < 0.05 was consid-
ered significant.

RESULTS

The results of the two ELISA methods
are shown in Fig 1 and Table 1. The range
of ELISA values in Group A was wider
with the SMP-ELISA on both the higher
and lower sides. The highest ELISA value
of Group B with the conv-ELISA (0.578)
was markedly lower with the SMP-ELISA
(0.198). The range of ELISA values from
Group C was very narrow in comparison
with the other groups, and there was little
difference between the two ELISA meth-
ods. With conv-ELISA, the lowest value in
Group A (0.330) was lower than the high-
est value in Group B. Therefore, 10 indi-
viduals (23.8%) from Group A and 6 indi-
viduals (6%) from Group B had ELISA
values ranging from 0.330 to 0.578. In con-
trast, the distribution of the ELISA values
from Group A was different than those
from Groups B and C with SMP-ELISA.

The correlation between conv-ELISA
and SMP-ELISA, from Groups A and B is
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Table 1
A comparison of the ELISA methods for Schistosomiasis mekongi.
conv-ELISA SMP-ELISA
Group A Group B Group C Group A Group B Group C
No. examined 42 100 25 42 100 25
Minimum 0.330 0.006 0.004 0.233 0.015 0.010
Maximum 1.232 0.578 0.054 1.526 0.198 0.058
Mean 0.755 0.089 0.018 0.694 0.058 0.029
SD 0.211 0.107 0.014 0.314 0.041 0.011
Mean + 35D 0.410 0.059 0.180 0.061
Table 2

Relationship between the ELISA results and other parasitic infections detected by
stool examination (n = 151).

Stool examination,?

A. lumbricoides Hookworms Echinostorma sp
Positive Negative Positive Negative Positive Negative
22 129 35 116 39 112
conv-  Positive 25 3 22 7 18 9 16
ELISA® Negative 126 19 107 28 98 30 96
Fisher’s exact
probability test (P) 1.000 0.605 0.217
SMP-  Positive 8 2 6 3 5 3 5
ELISA® Negative 143 20 123 32 111 36 107
Fisher’s exact
probability test (P) 0.329 0.388 0.426

5tool examination was conducted using the formalin-detergent method.

PELISA values > 0.2 were considered positive.

shown in Fig 2. There were significant cor-
relations between the two ELISA methods
in both groups. The correlation coefficient
of Group A was higher (r = 0.951, <0.001)
than the correlation coefficient of Group B
(r = 0.744, <0.001).

Stool examination and ELISA were
conducted to determine cross-reactivity
with other parasites (Table 2). Of 151 sub-
jects, 25 (16.6%) and 8 (5.3%) had positive
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ELISA results with the conv-ELISA and the
SMP-ELISA, respectively. No S. mekongi
eggs were detected. Eggs from Ascaris
lumbricoides, hookworms, and Echinostoma
sp were detected in samples from 22, 35,
and 39 individuals, respectively. Most in-

" dividuals who had eggs of other parasites

had negative ELISA results on both
ELISAs, but some individuals had positive
ELISA results. The ELISA positivity rates
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Table 3
False positive and false negative in each criteria.
conv-ELISA SMP-ELISA

Group A Group B Group C Group A Group B Group C
0.2 42 (100%) 9 (9%) 0 (0%) 42 (100%) 0 (0%) 0 (0%)
<0.2 0 (0%) 91(91%)  25(100%) 0 (0%) 100 (100%) 25 (100%)
>X (B)2 41 (98%) 2 (2%) 0 (0%) 42 (100%) 2 (2%) 0 (0%)
<X (B)? 1(2%) 98 (98%)  25(100%) O 98 (98%) 25 (100%)
>X (C) 42 (100%) 45 (45%) 0 (0%) 42 (100%) 33 (33%) 0 (0%)
<X (C)P 0 55 (55%) 25 (100%) 0 (0%) 67 (67%) 25 (100%)

aX (B) Mean + 35D of Group B in each the method. The values are shown in Table 1.
PX (C) Mean + 35D of Group C in each the method. The values are shown in Tabele 1.

among egg-positive patients were 13.6-
23.1% with conv-ELISA and 7.7-9.1% with
SMP-ELISA. The Fisher’s exact probabil-

ity test did not show bias with the ELISA™ -

for intestinal parasites.

DISCUSSION

SMP treatment of SEA was performed
in order to destroy the glycosylated
epitopes responsible for false-positive re-
sults (Alarcén de Noya et al, 2000). Because
glycosylated epitopes can be recognized
by antibodies in Schistosoma mekongi in-
fected patients, the OD values of the pa-
tients decreased with the SMP-ELISA
when we used enzyme conjugate at the
same dilution rate as that used for conv-
ELISA (data not shown). In this experi-
ment, we used a higher concentration of
enzyme conjugate with the SMP-ELISA.
SMP treatment can increase or decrease
ELISA values based on serum type and
result in expansion of the range of ELISA
values for Group A with SMP-ELISA. Dif-
ferences in the effect of SMP treatment on
ELISA values appear to depend on the
composition of target epitopes in each se-
rum sample. Most antibodies in sera with
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high ELISA values in Group B, which con-
sisted of subjects from a non-endemic area
in Cambodia, recognized the glycosylated
epitopes in SEA.

Diagnostic criteria are established
based on the protocol and/or purpose of
the study. Many researchers have used
mean + 35D for the OD values of negative
control sera as a cut-off limit (Alarcén de
Noya et al, 2000). Some authors used cri-
teria that depended on the distribution of
ELISA values for positive and negative
controls (Hirose et al, 2005). In this study,
Cambodian (Group B) and Japanese
(Group C) individuals were examined as
negative controls. Using the mean + 35D
for the negative control for Group B as a
cut-off value (Table 3), the sensitivity and
specificity of conv-ELISA were both 98%,
and the sensitivity and specificity with
SMP-ELISA were 100% and 98%, respec-
tively. Using the same criteria for Group
C (Table 3) results in false positives with
conv-ELISA of 45% and with SMP-ELISA
of 33%.

The range of ELISA values for posi-
tive sera was distinct from that for nega-
tive sera with SMP-ELISA. Therefore,
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Fig 1-Distribution of ELISA values for sera from S. mekongi
infected patients and from subjects in non-endemic
areas by the two ELISA methods. A: S. mekongi in-
fected patients (1 = 42); B: subjects in a non-endemic
area in Cambodia (n = 100); C: subjeets in Japan

(n = 25).

1.6

14}

—
o

-
o

SMP-ELISA
ELISA value (OD41s)
o )
[«>] [s2}

06 08 10 120 14 186
ELISA value (OD415)
conv-ELISA

Fig 2-Plot of OD values comparing conv-ELISA to SMP-
ELISA to evaluate the correlation between the two
ELISA methods. The OD values of sera from S.
mekongi infected patients (solid circle) and Cambo-
dians living in'a non-endemic area (open circle) are
shown. Group A: Schistosoma mekongi infected pa-
tients (n = 42); Group B: persons in a non-endemic
area in Cambodia (n = 100).
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diagnostic criteria can be es-
tablished based on the highest
ELISA value for negative sera
and the lowest ELISA value for
positive sera. Using the crite-~
rion in which an ELISA value
20.2 was positive, both the sen-
sitivity and specificity of SMP-
ELISA reached 100% (Table 3).

Concerning negative con-
trol sera, the range of ELISA
values for Group B (Cambo-
dian) was higher than for
Group C (Japanese). This is
possibly due to a difference in
antigens to which each group
were exposed, both qualita-
tively and quantitatively. Our
results suggest SMP-ELISA
can reduce the influence of
cross reactive antigens.

A positive ELISA reaction
without schistosome eggs in-
dicates one of three scenarios:
1) active infection with S.
mekongi but no eggs were de-
tected, 2) S. mekongi has al-
ready been treated but residual
antibodies still existed, and (3)
non-specific cross-reaction was
detected. The lower sensitivity
of the stool examination com-
pared to the ELISA may ex-
plain why scenario 1) might
occur. In low transmission
areas, such as in Talous, it is
difficult to detect eggs in stool
samples because of lower dis-
ease intensity (Urbani et al,
2002; Fenwick et al, 2006). Sce-
nario 2) is a characteristic fea-
ture of diagnostic methods de-
tecting specific antibodies.
This reaction indicates the sub-
ject had a risk for infection. In
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general, residual antibodies tend to dimin-
ish progressively, and withdrawal periods
vary between individuals (Hayashi et al,
2000). In scenario 3), a non-specific cross-
reaction, might be one of the causalities,
at least with the conv-ELISA (Fig 1). Most
patients with intestinal parasite eggs had
negative ELISA values, although some had
positive values. The present data suggest
infection with one of these three intestinal
parasites should not result in a significant
cross-reaction. Given the results of Table
3, it can be seen that the positive reactions
on SMP-ELISA are most likely caused by
scenarios 1) or 2). Assuming that all posi-
tive ELISA tests were due to cross-reaction
with other parasites, the maximum rate of
false positives with SMP-ELISA would be
9.1% (2/22). In another survey in a Schisto-

soma mekongi endemic area in Champasack ™

Province, Lao PDR in 2006, we detected
Opisthorchis viverrini eggs without S.
mekongi eggs in 13 of 41 individuals who
took the survey (Nakamura et al, 2006;
unpublished data). Three of 13 opisthor-
chiasis patients had positive ELISA values,
and 14 out of 41 had positive ELISA val-
ues on SMP-ELISA. The ELISA positivity
rate for O. viverrini egg-positive persons
(23%) was lower than the positivity rate
of the targeted 41 persons (34%). These
data suggest cross-reaction should not be
significant with these helminths, although
further studies are required for validation.

We conclude the use of SMP-ELISA
improves diagnostic specificity and sensi-
tivity for schistosomiasis mekongi. This
method should become a powerful tool for
diagnosing infection.
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Different combinations of non-esterified fatty acids (NEFA) had variable effects on intraerythrocytic
growth of Plasmodium falciparum. All stages of the parasite cultured in medium supplemented with
cis-9-octadecenoic acid (C18:1-cis-9), hexadecanoic acid (C16:0), phospholipids (Pld) and bovine albumin
free of NEFA were similar to those grown in complete growth medium. Three typical growth patterns
indicating suppressed schizogony (SS), suppressed formation of merozoites (SMF), and inhibited invasion

of merozoites (IMI) resulted from culture in other combinations of lipids. Unsaturated or saturated NEFA

gzwm‘;ﬁm falciparum with longer or shorter carbon chains than C18:1-cis-9 or C16:0, higher degree of unsaturation, and trans-
Intraerythrocyti Cp growth forms mainly resulted in SS and SMF effects. However, IMI or partial IMI was observed with tetradecanoic

Non-esterified fatty acid
Phospholipids
Serum-free medium

acid or octadecanoic acid enriched with C18:1-cis-9, and cis-9-hexadecenoic acid plus C16:0. Isoforms of
C18:1-cis-9 also mainly resulted in partial IMI. SMF also occurred with C18:1-cis-9 plus C16:0 in the
absence of Pld. Thus different NEFA exerted distinct roles in erythrocytic growth of the parasite by sus-

taining development at different stages.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Malaria remains a devastating disease, particularly in the tro-
pics. The annual incidence of malaria worldwide is estimated
between 300 and 500 million clinical cases. Estimates of annual
mortality from malaria, caused largely by the protozoan Plasmo-
dium falciparum, range from 1.5 to 2.7 million worldwide (World

Abbreviations: BSAF, bovine serum albumin free of NEFA; C12:0, dodecanoic
acid; C14:0, tetradecanoic acid; C16:0, hexadecanoic acid; C16:1, cis-9-hexadece-
noic acid; C18:0, octadecanoic acid; C18:1-cis-6, cis-6-octadecenoic acid; C18:1-cis-
9, cis-9-octadecenoic acid; C18:1-trans-9, trans-9 octadecenoic acid; C18:1-cis-11,
cis-11-octadecenoic acid; C18:1-cis-13, cis-13-octadecenoic acid; C18:2, cis,cis-
9,12-octadecadienoic acid; C20:4, cis-5,8,11,14-eicosatetraenoic acid; €22:0, doc-
osanoic acid; CRPMI, basal medium; FCM, flow cytometry; GFS, a growth-
promoting fraction derived from adult bovine plasma; GESRPMI, CRPMI containing
10% GFS; HS, human serum; IMI, inhibited invasion of merozoites; NEFA, non-
esterified fatty acid; parasitemia-45 h, parasitemia at 45 h after inoculation; PC,
phosphatidylcholine; Pld, phospholipids; PRBC, RBC infected with P. falciparum;
RBC, erythrocytes; released merozoite-45 h, merozoites released into media at 45 h
after inoculation; RFU, relative fluorescent units; ring form-45 h, ring forms at 45 h
after inoculation; schizont-25 h, schizonts at 25h after inoculation; SMF, sup-
pressed formation of merozoites; SS, suppressed schizogony; SYBR Green I-basic,
SYBR Green | in buffered saline at pH 8.8.

* Corresponding author. Fax: +81 3 5285 1173.

E-mail address: asahih@nih.go.jp (H. Asahi).

0014-4894/$ - see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.exppara.2010.11.001

Malaria Report 2008, WHO, http://apps.who.int/malaria/wmr2008/;
Snow et al., 2005).

New antimalarial drugs with alternative targets are needed,
because of the emergence of resistance to conventional antimalar-
ial drugs and insecticides (Ridley, 2002). In order to create new
medications, it is necessary to better understand antimalarial
drugs and the biology of the parasites. The P. falciparum parasite
develops through three distinct stages within erythrocytes (RBC)
during its cycle of approximately 48 h: ring, trophozoite, and
schizont (Bannister et al., 2000). It has been suggested that P. falci-
parum requires the presence of certain factors in human serum
(HS) to allow its development within RBC (Jensen, 1979), although
the role of HS in the growth of this parasite is unknown. The
replacement of HS in P. falciparum culture medium with chemi-
cally-defined substances can be advantageous, not only for cultur-
ing the parasite, but also for providing critical clues to
understanding the requirements for parasite proliferation during
the erythrocytic phase.

We previously described an HS substitute derived from adult
bovine plasma (Asahi and Kanazawa, 1994; Asahi et al. 1996,
2005) and chemically-defined culture media that used structur-
ally-defined lipids and recombinant proteins to sustain continuous
intraerythrocytic growth of P. falciparum (Asahi, 2009). Non-
esterified fatty acids (NEFA) were found to be critical for parasite
growth in the growth-promoting fraction derived from adult
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bovine plasma (GFS) and in the chemically-defined media. The effi-
cacies of NEFA in sustaining the growth of P. falciparum have been
shown to vary markedly, depending on the type, total amount, and
combinations used. The NEFA involved in the growth promotion of
P. falciparum require to be at least in specific pairs; the most effec-
tive combination in GFS and HS comprises the two most abundant
NEFA, cis-9-octadecenoic acid (C18:1-cis-9, oleic acid) and hexa-
decanoic acid (C16:0, palmitic acid), while the combination of
C18:1-cis-9 and octadecanoic acid (C18:0, stearic acid) is slightly
less effective (Asahi, 2009; Asahi et al, 2005; Mitamura‘et al.,
2000). The growth rates in media containing even the best combi-
nation of NEFA alone were, however, much lower than in GFS-
containing media (Asahi et al., 2005; Asahi, 2009). The addition
of phospholipids (Pld) with specific structures, such as phosphati-
dylcholine (PC), into culture media containing optimal NEFA mark-
edly increased parasite growth to a level similar to, or greater than,
that seen with GFS-containig media. The mechanisms responsible
for the different abilities of the various NEFA in the presence or ab-
sence of Pld, and of specific proteins such as bovine and human
albumin in promoting parasite growth are, however, unknown.

In this study we investigated the distinct effects of various NEFA
on each developmental stage of P. falciparum, including schizog-
ony, merozoite formation, and reinvasion of RBC, to provide clues
to the mechanisms underlying the growth-promoting properties
of NEFA. Experiments were carried out using synchronized culture
and flow cytometry (FCM).

2. Materials and methods
2.1. Farasites, culture and synchronization

Cultures of the FCR3/FMG (ATCC Catalogue No. 30932, Gambia)
strain of P. falciparum were used in all experiments. The parasites
were routinely maintained using in vitro culture techniques. The
culture medium was devoid of whole serum, and consisted of basal
medium (CRPMI) supplemented with 10% GFS (Daigo's GF21;
Wako Pure Chemical Industries, Japan), as previously reported
(Asahi and Kanazawa, 1994; Asahi et al., 2005). This complete
medium is referred to as GFSRPMI. CRPMI consisted of RPMI-
1640 containing 2 mM glutamine, 25 mM 4-~(2-hydroxylethyl)-
piperazine ethanesulfonic acid, 24 mM NaHCO; (Invitrogen Ltd.,
USA), 25 pg/ml gentamycin (Sigma-Aldrich Corp., USA) and
150 pM hypoxanthine (Sigma-Aldrich). Briefly, RBC were pre-
served in Alsever’s solution (Asahi et al., 1996) for 3-30 days, then
washed, dispensed into 24-well culture plates at a hematocrit of 2%
(1ml of suspension/well), and cultured in a humidified atmo-
sphere of 5% CO,, 5% O, and 90% N, at 37 °C. Infected RBC (PRBC)
and uninfected RBC were washed with CRPMI 3-4 days after inoc-
ulation, for subculture or growth experiments. Parasitemia was ad-
justed to 0.1% for subcultures by adding uninfected RBC, unless
otherwise specified, and the hematocrit was adjusted to 2% by add-
ing the appropriate volume of culture medium.

The cultures were synchronized at the ring stage by three suc-
cessive exposures to 5% (W/V) p-sorbitol (Sigma-Aldrich) at 41-
and 46-h intervals (lzumiyama et al., 2009). After the third sorbitol
treatment, residual schizonts and cell debris were removed by iso-
pycnic density centrifugation on 63% Percoll PLUS (GE Healthcare
Bio-Science Corp., USA). Parasites at the ring stage (adjusted to
5.0% parasitemia) were maintained for growth experiments in syn-
chronized culture.

2.2. Growth-promoting activity experiments

GFSRPMI was replaced by CRPMI supplemented with the test
substances for growth experiments. Various substances were
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tested for their effects on growth at each developmental stage of
P. falciparum: CRPMI containing bovine serum albumin free of
NEFA (BSAF) at a final concentration of 3 mg/ml, except where
otherwise stated, was further supplemented with various NEFA
at concentrations of 100 uM of unsaturated NEFA and 60 pM of
saturated NEFA, individually or in combination. Abbreviations, car-
bon-chain length, degree and position (delta) of unsaturation,
isomerism, and common name of tested NEFA are shown in sup-
plementary data. These include dodecanoic acid (C12:0), tetradeca-
noic acid (C14:0), C16:0, cis-9-hexadecenoic acid (C16:1), C18:0,
cis-6-octadecenoic acid (C18:1-cis-6), C18:1-cis-9, cis-11-octadece-
noic acid (C18:1-cis-11), cis-13-octadecenoic acid (C18:1-cis-13),
trans-9-octadecenoic acid (C18:1-trans-9), cis,cis-9,12-octadecadi-
enoic acid (C18:2), cis-5,8,11,14-eicosatetraenoic acid (C20:4),
and docosanoic acid (C22:0). Unless stated otherwise, Pld
supplements were added at concentrations of 15 uM 1,2-dioleoyl
phosphatidic acid sodium salt, 130 pM 1,2-dioleoyl-sn-glycerol-
3-phosphocholine, 25 pM 1,2-dioleoyl-sn-glycero-3-phosphoetha-
nolamine (Fluka Biochemica, Switzerland), and 15 MM 1,2-diol-
eoyl-sn-glycero-3-phosphoserine, sodium salt. All the compounds
were obtained from Sigma-Aldrich, except where otherwise
specified.

Dried lipid precipitates were prepared, added to the culture
media, and sterilized to reconstitute the lipids, as previously de-
scribed (Asahi et al., 2005; Asahi, 2009).

2.3. Assessment of parasite growth

Samples were taken at 25 and 45 h (synchronized parasites), or
at 96 h (asynchronized parasites) after inoculation, except where
otherwise indicated. Thin smears were made and stained with
Giemsa. Parasitemia was determined based on examination of
more than 10,000 PRBC/RBC. The growth rate was estimated by
dividing the parasitemia of the test sample 96 h after inoculation
by the initial parasitemia. The numbers of PRBC were also mea-
sured by FCM (PAS, Partec Co. Ltd., Germany), as described previ-
ously (lzumiyama et al, 2009). Briefly, after fixation by the
addition of 1% paraformaldehyde combined with Alsever's solu-
tion, PRBC (8 x 10° cells in a 16 pl aliquot of 0.5% PRBC/RBC sus-
pension) were stained by mixing with 1 ml SYBR Green | (1x
dilution, Invitrogen) prepared in 20 mM Tris (hydroxy-methyl)
aminomethane hydrochloride at pH 8.8 (SYBR Green 1-basic).
The levels of nucleic acid synthesis by PRBC were determined by
examining more than 10,000 stained PRBC/RBC. Cell counts were
analyzed with FCS express software (De Novo Software Inc,
Canada). The number of parasite nuclei determined by the Giemsa
method was proportional to the fluorescence intensity (RFU) of
PRBC stained with SYBR Green I-basic. PRBC were located as three
clusters in two-parameter dot plot presentations of PRBC/RBC from .
P. falciparum cultures: (1) cluster 1 contained predominantly ring
forms with low DNA content (low RFU), (2) cluster 2 contained pre-
dominantly late trophozoites and young schizonts with moderate
DNA content (moderate RFU), and (3) cluster 3 contained late
schizonts and segmenters with high DNA content (high RFU).

Merozoites released from mature schizonts into the surround-
ing medium were also measured. The number of released merozo-
ites was counted in more than 5000 PRBC. The number of
merozoites in each schizont of the segmenter stage was examined
by microscopic examination of Giemsa-stained slides.

* For each experiment, PRBC were divided into identical aliquots
and different treatments were performed simultaneously. To make
the results comparable across experiments, untreated control cul-
tures in GFSRPMI were prepared for each test. All experiments
were repeated two to four times.
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2.4. Statistical analysis

The significance of differences between means was evaluated
using multifactorial analysis of variance. All calculations were per-
formed using GraphPad PRISM 5 (GraphPad Software, Inc., USA).
The P value for significance was 0.05, and all pairwise comparisons
were made post hoc with Bonferroni's test. y-Axis error bars were
added to indicate the standard deviation for each point in graphs,
except where otherwise indicated.

3. Results
3.1. Different effects of various NEFA on growth of P. falciparum

The optimal and other representative combinations of NEFA
were chosen on the basis of previous results (Asahi, 2009). Their
growth-promoting activities were tested in parasites maintained
in asynchronous cultures in different media containing uniform
molar concentration of NEFA (100 uM of unsaturated and 60 uM
saturated), Pld and BSAF for 96 h (2 cycles of complete growth).
The different types and combinations of NEFA exerted markedly
different effects on parasite growth in the presence/absence of
Pld: the optimal combination of NEFA was C18:1-cis-9 plus
C16:0 in the presence of Pld and BSAF, followed by the combina-
tions of C18:1-cis-9 plus C18:0, and C18:1-cis-9 plus C14:0
(Fig. 1A). The combinations of C16:1 plus C16:0, C18:2 plus
C16:0, and C18:1-cis-9 alone had much lower growth-promoting
effects. Combinations of C18:1-cis-9 plus C12:0, C18:1-cis-9 plus
€22:0, C20:4 plus C16:0, and only C16:0 were detrimental to par-
asite growth (Fig. 1A). C18:1-cis-9 plus C16:0 in the absence of Pld
also had a lower growth-promoting effect. These results indicate
that saturated or unsaturated NEFA with longer or shorter car-
bon-chain lengths than the optimal combination (C18:1-cis-9 plus
C16:0) promoted growth to lesser extents, or were detrimental to
growth of P. falciparum. Higher degrees of unsaturation of NEFA
were also associated with detrimental effects on parasite growth.
The combination of C18:1-trans-9 plus C16:0 also inhibited para-
site growth, indicating that the growth-promoting effects of NEFA
with 18 carbons and one double bond is specific to the cis-form.
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Fig. 1. Growth of P. falciparum in the presence of various NEFA (A) and isoforms of
C18:1-cis-9 (B) added alone or in combination. Each saturated NEFA was added in
the presence of 100 pM C18:1-cis-9 (x) and each unsaturated NEFA in the presence
of 60 uM C16:0 (*+). The culture media contained Pld and BSAF, except for
GFSRPMI. NEFA (C18:1-cis-9 plus C16:0) plus BSAF in the absence of Pld, and
GFSRPMI were tested for comparison. The initial parasitemia was adjusted to 0.3%.
*No significant difference. Others were significantly different (P<0.001) compared
with GFSRPMI.

Among the different NEFA isoforms, C18:1-cis-9 plus C16:0 had
the highest growth-promoting effect, followed by C18:1-cis-11
plus C16:0, C18:1-cis-6 plus C16:0, and C18:1-cis-13 plus C16:0
(Fig. 1B); this indicates that the position of the double bond in
NEFA with 18 carbons influences their growth-promoting effects.

To assess the effects of NEFA on each developmental stage of
the parasite (schizogony, merozoite formation, and reinvasion of
RBC), synchronized P. falciparum were cultured in the presence
of Pld and BSAF, further supplemented with one or two NEFA.
The distribution of the parasites among the different developmen-
tal stages was determined at 25 and 45 h during the first cycle of
growth, using FCM with SYBR Green I-basic. This was based on
our previous study, which demonstrated that the relative distribu-
tion of each developmental stage could be clearly defined at 25 and
45h (lzumiyama et al,, 2009). Late schizonts at 25 h (schizont-
25 h), released merozoites at 45 h (released merozoite-45 h), ring
forms at 45 h (ring form-45 h), and parasitemia at 45 h (parasite-
mia-45 h) were compared between parasites grown under test
conditions and those grown in GFSRPMI (Fig. 2A and B). The types
and combinations of NEFA exerted markedly different effects on
parasite growth in the presence/absence of Pld and BSAF. Four typ-
ical growth patterns were defined: no inhibition (comparable
growth); and three rate-determining steps in growth including
suppressed schizogony (SS); suppressed formation of merozoites
(SMEF); and inhibited invasion of merozoites into new RBC (M)
formation of incomplete merozoites (Fig. 3A-D). An increase in
newly formed healthy rings after invasion of RBC by released mer-
ozoites was considered to indicate normal merozoites.

As summarized in Table 1, all stages of the parasite cultured
in medium supplemented with NEFA (C18:1-cis-9 plus C16:0),
Pld, and BSAF were comparable to those grown in GFSRPMIL
Medium containing C18:1-cis-9, C12:0, Pld and BSAF caused par-
asites to accumulate in cluster 1 (ring forms), by an SS effect. SS
was also observed in the presence of C16:0 alone, C18:2 plus
C16:0, C20:4 plus C16:0, C18:1-trans-9 plus C16:0, or Pld plus
BSAF alone. Partial SS (less suppressed) was detected when
C18:1-cis-13 plus C16:0, or BSAF alone were added. C18:1-cis-
9 alone and C18:1-cis-9 plus C22:0 suppressed the progression
of parasites to merozoites following schizont formation, by an
SMF effect. SMF was also observed in parasites cultured in
C18:1-cis-9 plus C16:0 in the absence of Pld, indicating that
exogenous Pld was crucial for the development of complete mer-
ozoites. Adding C18:1-cis-13 plus C16:0 or C16:1 plus C16:0 to
media containing Pld and BSAF caused accumulation of the
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Fig. 2. Growth of P. falciparum in GFSRPMI, P. falciparum parasites were character-
ized by FCM at 25 and 45h of synchronized culture: ring forms (—O-), late
trophozoites and young schizonts (.. ... ), late schizonts (...a...), and parasitemia
(—=X—) (A), and released merozoites (closed bars) (B). The numbers of merozoites
are shown per 5000 PRBC. The baseline numbers of background merozoites in the
cultures were subtracted.
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Table 1

Growth-rate-determining step in development of P. falciparum cultured in the presence of NEFA alone or in combination.
Additives Growth-rate-determining step Schizont-25 h Released merozoite-45 h Ring form-45 h Parasitemia-45 h
NEFA*
C18:1-cis-9 SMF 834+14 23.6+3.7 48+0.2 175+24
C18:1-cis-9 + C12:0 SS 383+1.6 23.2+39 8.1x03 248+27
C18:1-cis-9 +C14:0 Partial IMI 99.4+10 1243 +£10.1 69415 734+3.2
C18:1-cis-6 + C16:0 Partial IM! 75.8+51 106.9 3.9 72.1+09 62.+ 2.1
C18:1-cis-9 + C16:0 Comparable/better 102.5+5.1 156.2£15.7 106354 106.0+8.3"
C18:1-cis-11 + C16:0 Partial IMI 923+19 143.2+1.6 66.7+1.1 758+7.2
C18:1-cis-13 +C16:0 Partial SS, IMI 66.7+5.5 89.9+13.2 381+1.7 527+ 1.1
C18:1-cis-9 + C18:0 Partial IMI 79405 140.1 £ 14.6 61.6+1.8 66.5+34
C18:1-cis-9 + C22:0 SMF 902+16 20.1+1.7 3.7+0.1 13.7+£22
C16:0 SS 0.6+0.1 11.3+16 10.0£0.3 13.7£22
C16:1 +C16:0 IMI 71.8+14 1142 +5.7 20.1+0.7 318+6.2
C18:2 +C16:0 SS 284+3.7 64.7 4.9 23.5+05 339+42
C20:4 +C16:0 SS 15919 463 +54 9205 11.x27
C18:1-trans-9 + C16:0 SS 96+14 8605 5.1%02 139zx0.1
C18:1-cis-9 + C16:0 + BSAF, Pld(-)" SMF 109.6+1.8 184+13 13.6+0.7 42.7+84
Pld + BSAF® Ss 24116 37.2+86 9.5+0.1 19.8+32
BSAF alone” Partial SS, SMF 543+09 0.5+0.6 121+0.2 259+45
GFSRPMI Complete growth 1000+24 100.0+19.2 100.0+4.2 100.0+4.3

Data are expressed as % of control (GFSRPMI) + standard error of mean.
* Each saturated NEFA at 60 pM and each unsaturated NEFA at 100 MM were added to CRPMI containing Pld and BSAF.

® The growth in C18:1-cis-9 plus C16:0 in the absence of Pld, Pld plus BSAF,

Bold letters indicate the first appearance of a marked reduction of each developmental stage.

* No significant difference; others were significantly different (P < 0.001) versus each developmental stage in GFSRPMI.

and BSAF alone were tested for comparison. GFSRPMI served as a control for complete growth.

merozoites released from mature schizonts, but the merozoites
did not invade new RBC, by the IMI effect. Partial IM] (less inhib-
ited) was detected when C18:1-cis-9 plus C14:0, C18:1-cis-6
plus C16:0, C18:1-cis-11 plus C16:0, or C18:1-cis-9 plus C18:0
were added. Any effects on steps that governed parasite growth
rate disrupted the cyclic behavior of the parasite, and reduced
parasitemia-45 h. These results indicate that different NEFA exert

distinct roles in parasite development by arresting development
at different stages.

3.2. Microscopic examination of P. falciparum cultured in NEFA with
IMI and SMF effects

Parasites cultured in medium containing NEFA (C18:1-cis-9
plus C16:0), PId and BSAF were very similar, on microscopic exam-
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ination, to parasites grown in GFSRPML. In contrast, the majority of
ring forms cultured in media containing C16:1 plus C16:0 or
C18:1-cis-13 plus C16:0 (IMI effect) for 45 h were devoid of normal
structures. The majority of schizonts cultured in media containing
C18:1-cis-9 alone, C18:1-cis-9 plus €22:0, C18:1-cis-9 plus C16:0
in the absence of Pld, and BSAF alone (SMF effect) for 40-45 h were
found to be degenerate.

The numbers of merozoites in each mature schizont/segmenter
cultured synchronously in different media for 40-45h were
counted after staining with Giemsa. The numbers of merozoites
in each schizont were only comparable to the results with
GFSRPMI for cultures containing C18:1-cis-9 plus C16:0, in the
presence of Pld and BSAF. The numbers of merozoites in each
schizont grown in cultures containing NEFA that exerted the SMF
effect (C18:1-cis-9 alone, C18:1-cis-9 plus C22:0, and C18:1-cis-9
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plus C16:0 in the absence of Pld, and BSAF alone) were significantly
reduced (Fig. 4). These results reflect the formation of abnormal
schizonts in these culture media. The numbers of merozoites in
each schizont obtained from cultures containing NEFA that exerted
either IMI or partial IMI effects (C18:1-cis-9 plus C14:0, C18:1-cis-
6 plus C16:0, C18:1-cis-11 plus C16:0, C18:1-cis-9 plus C18:0, or
C16:1 plus C16:0) tended to be lower, but the differences were
not significant, except in the case of C18:1-cis-13 plus C16:0
(Fig. 4). Ring form-45 h and parasitemia-45 h were significantly
lower in these culture media, compared with those in GESREMI,
despite the fact that the numbers of released merozoites-45 h were
comparable (Table 1). These results indicate the possible formation
of functionally abnormal merozoites, although the crisis form of
merozoites is difficult to identify by light microscopy, because of
their size and staining properties.

4. Discussion

The ability of several NEFA to sustain the growth of P. falciparum
has been studied, with only limited success (Asahi et al., 2005;
Mi-Ichi et al., 2006, 2007; Mitamura et al., 2000; Willet and Can-
field, 1984). Paired NEFA, such as C18:1-cis-9 plus C16:0, and
C18:1-cis-9 plus C18:0 effectively supported parasite growth
(Asahi et al., 2005; Mi-Ichi et al, 2006, 2007; Mitamura et al.,
2000), though mixtures of three or four NEFA were better than
mixtures of two (Asahi et al., 2005). However, the maximal effec-
tiveness of NEFA mixtures alone in sustaining parasite growth
was much lower than that of GFSRPML. The addition of Pld, essen-
tially PC containing a specific fatty acid moiety, amplified the
growth promoting ability of NEFA to an extent similar to GFSRPMI
(Asahi, 2009). Nevertheless, NEFA could represent the dominant
factors involved in growth promotion of P. falciparum in serum-free
media, because Pld plus BSAF were unable to promote growth in
the absence of NEFA. Also types, combinations and concentrations
of NEFA effective for sustaining growth of the parasite were shown
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Fig. 4. Difference in numbers of merozoites in each mature schizont/segmenter.
Parasites were cultured synchronously for 40-45 h in different media. All culture
media, except for GFSRPMI, contained Pld and BSAF. Merozoites in schizonts
cultured in NEFA (C18:1-cis-9 plus C16:0) + BSAF in the absence of Pld, BSAF alone,
and GFSRPMI were also counted for comparison. Culture media containing C18:1-
cis-9 plus C12:0, C16:0 alone, C18:2 plus C16:0, C20:4 plus C16:0, C18:1-trans-9
plus C16:0, or Pld plus BSAF were not included because they did not produce
merozoites. Each bar represents the range of the numbers. *No significant
difference; *significant difference (P<0.001) vs. numbers of merozoites in a
schizont cultured in GFSRPMI.

to be no difference between culture media enriched with and with-
out Pld, though growth rates in the presence of Pld were much
higher (Asahi, 2009; Asahi et al., 2005).

In the current study, we further investigated the effects of NEFA
and Pld on the growth of P. falciparum at each developmental stage
of the parasite. Distribution of the parasite among the different
developmental stages was achieved in tightly synchronized cul-
tures, and growth was compared with complete growth in
GFSRPML. The addition of different NEFA, individually or in combi-
nation, affected different steps that determined the rate of intra-
erythrocytic development of P. falciparum. Four typical growth
patterns (SS, SMF, IM], and no inhibition) were noted, and an effect
on any growth step disrupted the cyclic behavior of the parasite
and reduced parasitemia at 45 h. Thus different NEFA played dis-
tinct roles during intraerythrocytic development by sustaining
development at different stages. These results reflect the varied '
parasitemia obtained in asynchronous 4-day-long cultures of the
parasite in the presence of various combinations of NEFA. Certain
structural characteristics of NEFA, such as carbon-chain length,
degree and position of unsaturation, and isomerism are important
for the development of the different stages of the parasite in RBC,
as well as for general growth of the parasite. For example, unsatu-
rated or saturated NEFA with longer or shorter carbon-chain length
than C18:1-cis-9 or C16:0, higher degrees of unsaturation, and
trans-forms resulted in much lower parasite growth, mainly
through SS and SMF effects, although C18:1-cis-9 plus C14:0 and
C18:1-cis-9 plus C18:0 sustained moderate growth by a partial
IMI effect. Culture media producing IMI or partial IMI effects pro-
duced relatively high numbers of released merozoites at 45 h after
inoculation, but the merozoites appeared to be unable to invade
new RBC, because ring form-45 h was low. These results suggest
that IMI may result from the formation of abnormal merozoites.
The position of unsaturation of NEFA with 18 carbons and one dou-
ble bond also influenced the growth of the parasite by IMI or par-
tial IMI effects, as noted with isoforms of C18:1-cis-9.

While developing in RBC, malarial parasites may satisfy their
requirements for nutrition and membrane formation using Pld
from intrinsic metabolism (Holz, 1977; Maguire and Sherman,
1990; Vial and Ancelin, 1998). In addition to the de novo synthesis
of Pld, it has also been demonstrated that RBC infected with
P. falciparum or P. knowlesi readily take up intact Pld from exoge-
nous sources (Grellier et al., 1991, Haldar, 1992; Haldar et al.,
1989; Moll et al., 1988; Simoes et al., 1991, 1992). We previously
tested various PC and other Pld, which, in combination with NEFA
mixtures, are crucial components for complete parasite growth in
chemically-defined culture media (Asahi, 2009). PC containing
two C18:1-cis-9 markedly increased the low ability of the NEFA
mixture to promote parasite growth, while other Pld exerted dif-
ferent effects on parasite growth. This suggests that certain struc-
tural characteristics of Pld, as well as NEFA, are important for
parasite growth. It is also likely that Pld satisfies the requirements
of merozoites in PRBC for membrane construction, because SMF
was noted in the absence of Pld, despite the presence of the opti-
mal combination of NEFA (C18:1-cis-9 plus C16:0). Further studies
are needed to determine the> mechanism(s) that underlie the
actions of Pld in association with NEFA.

There is increasing evidence to suggest that NEFA are involved
in numerous biological processes, including the activation of pro-
tein kinases, and cell proliferation, differentiation, and death
(Diaz-Guerra et al, 1991, Hardy et al., 2005; Leroy et al., 2008:
Malhi et al., 2006; Murakami et al., 1986). Saturated NEFA have
been reported to increase oxidative stress, activate protein Kinases
associated with stress, and increase apoptosis of myocytes. Fur-
thermore, low concentrations of C18:1-cis-9 or c¢is-5,8,11,14,17-
eicosapentaenoic acid completely prevented cytotoxic stress
induced by C16:0 (Hardy et al., 2000; Miller et al., 2005: Leroy
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et al., 2008). Ring forms cultured in medium containing C16:0, Pld

and BSAF did not develop into trophozoites and schizonts, as a re-
sult of the SS effect, while media containing C18:1-cis-9, Pld and
BSAF allowed the development of ring forms into trophozoites
and schizonts. The schizonts formed, however, had an abnormal
morphology, and the merozoites released from mature schizonts
were markedly suppressed by the SMF effect. In contrast, a mixture
of two NEFA (C18:1-cis-9 plus C16:0) in the presence of Pld pro-
moted parasite growth comparable to that seen in GFSRPML. Sim-
ilar observations have been described in non-optimal media,
with poor overall parasite growth (Mi-Ichi et al., 2007). A range
of apoptic markers has been described for Plasmodium Spp., sug-
gesting that P. falciparum experiences programmed cell death.
However, the putative machinery for death of malaria parasite cells
differs significantly from that in their human host (Deponte and
Becker, 2004). Further investigations are needed to explain the
mechanisms underlying the various actions of NEFA and their dis-
tinct roles during each developmental stage in P. falciparum.

Malarial parasites have long been believed to be unable to syn-
thesize fatty acids via de novo biosynthesis; instead they were
thought to depend on fatty acids scavenged from the host plasma
and RBC to synthesize membrane lipids (Holz, 1977; Vial and
Ancelin, 1998). However, on the basis of evidence indicating that
machinery to synthesize type II fatty acids does exist in P. falcipa-
rum, we suggest that the parasite can itself synthesize fatty acids
(Surolia and Surolia, 2001; Waller et al,, 2003; Yeh and Altman,
2006). P. falciparum may thus satisfy its fatty acid requirements
via two independent mechanisms: (1) by scavenging NEFA from
the host plasma or from fatty acids released by the enzymatic ac-
tion of lipases on the lipids, and (2) by de novo synthesis using
the type II synthetase system. The results of the current study
show that P. falciparum predominantly scavenges NEFA from the
external milieu to promote growth, although it is unclear whether
the NEFA are subsequently modified in any way (Krishnegowda
and Gowda, 2003).
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Abstract Human dirofilariasis caused by infection with
Dirofilaria worms has been frequently reported. The
symptoms associated with infection by these filarial para-
sites, which are transmitted to humans by zooanthropophilic
mosquitoes, are characterized by mainly pulmonary and
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subcutaneous nodules. Here, we report the first case in
Vietnam of a subcutaneous dirofilariasis with a painful
nodule in the right eyelid. An immature female worm was
removed by excisional biopsy and identified as Dirofilaria
repens by histology and DNA analysis.

Introduction

The genus Dirofilaria (Nematoda; Filarioidea, Onchocerci-
dae), which includes etiologic agents such as Dirofilaria
immitis, Dirofilaria repens, Dirofilaria tenuis, and Dirofi-
laria ursi, is responsible for the increased occurrence of
zoonotic dirofilariasis in humans around the world (Pampi-
glione and Rivasi 2000). Of these species, D. repens is a
habitual parasite in the subcutaneous tissue of dogs and
other carnivores that are transmitted by zooanthropophilic
mosquitoes (Culicidae). Human infections by this parasite
also occur and more than 780 cases have been reported in
over 37 countries in Europe, Southeast Asia, and Africa
(Pampiglione et al. 1995; Pampiglione and Rivasi 2000). In
Asia, human cases of D. repens infection have been
reported in Iran, India, Sri Lanka, Malaysia, Thailand,
China (Pampiglione and Rivasi 2000) and Japan (McLean
et al. 1979), but such case has not yet been reported in
Vietnam. In its definitive hosts, D. repens can easily be
identified by its morphological features; however, in non-
definitive hosts such as humans, these filarial worms may
be more difficult to identify using morphological and
histological characteristics, particularly when the clinical
samples that have been removed from the subcutaneous
nodules have become damaged and/or immature worms
were found (Pampiglione et al. 1999). Serological exami-
nation is a useful tool for differentiating between D. repens
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and D. immitis infections (Santamaria et al. 1995), while
elevated levels of IgM, IgG and IgE have been used in
patients exposed to other Dirofilaria species (Simén et al.
1997; Orihel and Eberhard 1998). In order to overcome the
limitations associated with serological and histological
examinations, polymerase chain reaction (PCR)-based
methods capable of differentiating between Dirofilaria
species have been developed (Favia et al. 1996, 1997a, b,
2000; Rivasi et al. 2006; Marusi¢ et al. 2008). Here, we
report the first human case of D. repens infection in Vietnam,
diagnosed definitively by histology and PCR-based DNA
analysis.

Case report

The patient was a 30-year-old Vietnamese man residing
in the Ha Dong district of Hanoi, the capital of Vietnam.
In 2008, the patient presented at Ha Dong Hospital
complaining of a painful, itchy, swollen and tangible
nodule, measuring 1.0x0.5 cm on the right eyelid. The
patient was treated with an antibiotic for the first week,
but the clinical symptoms did not change. No routine
laboratory data, such as white blood and eosinophil
counts in blood were available. On April 19, 2008,
surgical biopsy was performed with the aim of diagnosis
and treatment. As a result, a long, slender, whitish and
living worm, approximately 4.5 cm in length and 0.5 mm
in width, was removed (Fig.la) and clinical signs
disappeared after the biopsy. The removed worm was
fixed in 10% formalin and was kept at the National
Institute of Malariology, Parasitology and Entomology
(NIMPE) in Hanoi, Vietnam before being sent to the
Department of Parasitology, National Institute of Infectious
Diseases in Tokyo, Japan for identification of the parasite to
the species level in 2009.

Materials and methods

A part of the formalin-fixed worm kept at the NIMPE was
processed for paraffin-embedded specimen and then trans-
verse sections were stained with hematoxylin and eosin and
were observed microscopically.

To confirm the morphological identification, molecular
analysis was performed as follows: the remaining worm
was homogenized in a small amount of the ATL buffer
supplied with a DNeasy Blood & Tissue kit (Qiagen,
Germany) before DNA was extracted overnight using the
same kit. The mitochondrial cytochrome ¢ oxidase subunit
1 (cox1) and 128 ribosomal RNA (12S rRNA) genes of the
parasite were then amplified by PCR. Since the DNA samples
were degraded by formalin fixation, short DNA sequences
were amplified using the following primer pairs: Diro cox1/

@ Springer

Fig. 1 Microscopic appearance and transverse section of the filarial
worm surgically removed from the subcutaneous tissue of a human
eyelid. a Removed immature female measuring approximately 4.5 cm
in length and 500 um in width. H head, U uterus. b Magnification of
the anterior end of the worm. ¢ Transverse section of the worm. Note
the conspicuous external longitudinal ridges (ELR), polymyarian-type
musculature (M), enlarged lateral chords (LC), multilayered cuticle
(C), and intestine (7). Hematoxylin-eosin stain

F255 (5'-GGTGCTATTAATTTTATGGTTACT-3) and Diro
cox1/R434 (5'-AAAAGAAGTATTAAAATTACGATC-3 ,
which were designed based on the cox1 gene sequences of
D. repens (AM749234) and D. immitis (EU159111); and
Diro 12S rRNA/F196 (5-GTTTTGTTTAAACCGAA
AAAATATT-3") and Diro 12S rRNA/R374 (5'-TAAGCCA
AATATATATCTGTTTTAA3’), which were designed based
on the 128 rRNA gene sequences of D. repens (AJ544832)
and D. immitis (EU182327). In addition, the following three
primer pairs specific for 128 rRNA gene of D. repens
were also used: Dr/F1 (5-TCATTTTAATTTTTAACTC
TATTT-3') and Dr/R160 (5-ATTAATAAACTTTGATTA
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CCTGGG-3"), Dr/F121 (5'-TTGAACTGGATTAG
TAACCCAGGT-3") and Dr/R284 (5-CTAAACAATCA
TACATGTGCCAATA-3"), and Dr/F260 (5'-TATTGGCA
CATGTATGATTGTTTAG-3') and Dr/R443 (5'-CACAT
AAGAAAAAATTCTTTCTT-3'), which were designed
based on accession number AJ544832. PCR amplification
of the target DNAs was performed in a 50-pL reaction
mixture with Ex Taq DNA polymerase (Hot Start version,
Takara Bio, Japan) and 35 cycles was performed consisting
of denaturation (94°C, 30 s), annealing (58°C, 30 s) and
extension (72°C, 60 s), with a final elongation step of 72°C
for 5 min. The amplicons were confirmed by capillary
electrophoresis (HAD-GT12, eGene Inc., CA) and were
purified for use as templates for direct DNA sequencing
using a NucleoSpin Extract II kit (Macherey-Nagel,
Germany). Samples for sequencing were prepared using
an ABI PRISM BigDye Terminator Cycle Sequencing
Ready Reaction Kit (Applied Biosystems Inc., CA) and
sequencing was performed on an ABI PRISM 3100-
Avant Genetic Analyzer (Applied Biosystems Inc., CA).
Sequence data were analyzed using the EditSeq and
MegAlign programs of the DNASTAR package Inc.
(DNASTAR, Madison, WI).

Results and discussion

The parasite exhibited movement at the time of surgical
extraction. The body length measured 4.5 cm because the
posterior part of the body was lacking (Fig. 1a). The uterus,
which was protruding from the anterior end of the body at

a

the time of removal, did not contain any larval microfilariae
(Fig. la, b). A transverse section of the parasite (Fig. lc)
revealed that the parasite had a diameter of approximately
400 pum, a thick, laminated cuticle with external longitu-
dinal ridges (99 ridges all around the nematode surface),
and a well-developed, polymyarian-type musculature
interrupted by two large lateral chords, all of which are
characteristic of immature D. (Nochtiella) repens female
worms.

In the molecular analysis, the target DNAs were
successfully amplified by nested PCR using primer pairs
specific for D. repens, but not primer pairs specific for D.
immitis (data not shown). Figure 2 shows the alignment of
the PCR-amplified cox! (a, 123 bp) and 125 rRNA genes
(b, 362 bp) nucleotide sequences. Homology search
revealed sequence similarities of 97.6% and 91.1% against
the coxl genes of the D. repens (AM749233) and D.
immitis reference sequences (EU159111), respectively. For
the 12S rRNA gene, homology with the D. repens reference
sequence (AM779772) reached as high as 99.2%; whereas,
homology with the D. immitis reference sequence
(EU182327) was lower at 85.9 %. In addition, the obtained
sequence data also confirmed that the filarial worm in this
case was D. repens.

Considerable variation has been observed in the dimen-
sions of male and female D. repens recovered from a
variety of definitive hosts around the world. Compared with
other Dirofilaria worms, the D. repens is a robust parasite
with a maximum female and male body length of 17 cm
and approximately 7 cm, respectively and a diameter of
650 um and 450 pm, respectively, have been reported

YV VYV ¥V vy

Dr V GGTGCTATTAATTTTATGGTTACTACTCAGAATATACGTTCTACTGCTGTTACTTTAGATCAAATTAGTATGTTTGTTTGAACTTCTTATTTAACTTCTTTTCTTTTAGTTTTATCTGTTCCT
Dr GGTGCTATTAATTTTATGGTTACTACTCAGAATATGCGTTCTACTGCTGTTACTTTAGATCAGATTAGTATGTTTGTTTGAACTTCTTATTTGACTTCTTTTCTTTTAGTTTTATCTGTTCCT
Di GGTGCTATTAATTTTATGGTTACTGTTCAGAATATACGTTCTACTGCTGTAACTTTAGATCAGATTAGTATGTTTGTTTGAACTTCTTATTTAACTTCTTTTTTATTGGTATTGTCAGTGCCT

Dr V TCATTTTAATTTTTAACTCTATTTGTTGTTATATTACT-TTTTTTTTGTTCTTTT---TTATGTTTTTTTTTGTAAAATATTTTGATTTTTTTGTATTTTTTTGTAATATTTAAAATTTGGTT
Dr -CATTTTAATTTTTAACTCTATTTGTTGTTATATTACT-TTTTTTTTATTCTTTT - - - TTATGTTTTTTTTTGTAAAATGT TTTGATTTTTT TGTATTTTTTTGTAATATTTAAAATTTGTTT

Di ACATTTTAATTTTTAACTCTATTTGTTGTAATATTACGATTTTTTTTGTTTTTTTGTTTTATGTTTTTTTTTGTAAAATATTTAAATTTATTTATGTTTTTTTGTAATATTGAARATTTGGTG

Dr V TTTGAACTGGATTAGTACCCAGGTAATCAAAGTTTATTAATTCGGGAGTARAGTTTTGTTTAAACCGAAAAAATATTGACTGACTTTAGATTTTTCTTTGGAATATGTGTTTTT - -GGAGAGC
Dr TTTGAACTGGATTAGTACCCAGGTAATCARAGTTTATTAATTCGGGAGTARAAGTTTTGTTTAAACCGAAAAAATATTGACTGACTTTAGATTTTTCTTTGGAATATGTGTTTTT - -GGAGAGC
Di TTTGAACTGGATTAGTACCCAGGTAATCAAAATTTATTAATTCGGGAGTARAGTTTTGTTTAAACCGAAAAAATATTGACTGACTTTAGATTTTTCTTTGGAATATGTGTTTTTTTGGAGAGC

Wy W vy

Dr V CCTCTTTTTTGGTGAATTTTATTGGCACATGTATGATTGTTTAGTTTTTATTTTATTTGTGTTGCTTTTTTGTTTTTTTGCATTTAAAACAGATATATATTTGGCTTATAAATTTATTTTTC
Dr CCTCTTTTTTGGTGAATTTTATTGGCACATGTATGATTGTTTAGTTTTTATGTTATTTGTGTTGCTTTTTTGTTTTTTTGCATTTAAAACAGATATATATTTGGCTTATAAATTTATTTTTC
Di CCTCTTTTATAGTGAATTTTGTTGGCGCATGTATGATTGTTTAGTTTTTACTTTTTTGGTAATGCTTTGT -GTTTTAT - ACATTTAAAACAGATATATATTTGGCTTATGGATTTATTTTTC

Fig. 2 Alignment of the PCR-amplified coxl and 12S rRNA gene
sequences. a Cox1 gene; Dr ¥, D. repens obtained from a Vietnamese
patient; Dr, D. repens (AM749233); and Di, D. immitis (EU159111).

b 128 rRNA gene; Dr ¥, D. repens from this case; Dr, D. repens
(AM779772); Di, D. immitis (EU182327). Arrows indicate differences
between nucleotides of D. repens and D. immitis
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(Orihel and Eberhard 1998). In cases of human infection,
D. repens measuring up to approximately 660 pm in
diameter have been observed (Gutierrez 1984; Pampiglione
et al. 1995). In this case, the maximum body width
measured approximately 500 pm. Although an extensive
review of human infections by D. repens found that female
worms were more prevalent than males (Pampiglione and
Rivasi 2000), a male and a female worm have been
observed in the same nodule (Mrad et al. 1999), and also
in separate nodules (Fernando et al. 2000). In the majority
of cases, nodules are located in subcutaneous and subcon-
junctival tissues, deep dermis and submucosa. According to
Pampiglione and Rivasi (2000), localization is more
frequent in the upper half of the body (74%), mostly in
the ocular region (35.3%) and the upper limbs (11%).
Although rare, localization in muscle tissue, lymph nodes
(Maltezos et al. 2002) and in the deep viscera (Pampiglione
and Rivasi 2000) has been reported. In this case, the nodule
was located in the eyelid.

The identification of Dirofilaria worms can only be
made with certainty after a biopsy. The morphological
features of individual parasites are as follows: body length
and width, thickness of the laminated cuticle, the presence
and/or absence of external longitudinal ridges on the
surface of the cuticle, lateral chords, and number and type
of circumferential muscle cells (Orihel and Eberhard 1998;
Ratnatunga and Wijesundera 1999; Pampiglione et al.
1999). However, depending on the quality of the histological
sections, some of these morphological features may not be
absolute. In addition, identification of the causative Dirofi-
laria agent is also closely correlated with geographic areas
affected with individual Dirofilaria species (Orihel and
Eberhard 1998).

The most precise method for identifying Dirofilaria worms
is, therefore, molecular identification using biopsied tissues
and/or parasite material. Several PCR-based diagnostic
methods have been developed using DNA samples prepared
from fresh and ethanol-fixed tissues (Chandrasekharan et al.
1994; Favia et al. 1996, 1997a, 2000; Cancrini et al. 1998;
Vakalis et al. 1999, 2002), as well as formalin-fixed and
paraffin-embedded specimens (Favia et al. 1997a; Vakalis et
al. 1999, 2002; Rivasi et al. 2006; Marugi¢ et al. 2008).
These PCR-based approaches target the internal transcribed
spacer two region and tandemly repeated sequence of the
cuticular surface antigen gene. The combination of the
PCR-based assay with DNA sequencing of the mito-
chondrial DNA (coxl and 12S rRNA genes) using
formalin-fixed specimens reported here is considered to
be useful for the precise identification of the Dirofilaria
species. Such DNA analyses are useful not only for
diagnostic investigations, but also for retrospective studies
using histopathological specimens fixed in formalin
(Yamasaki et al. 2007).

@_ Springer
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