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INFECTION OBTAINED BY ICT CARD TESTS IN COMPARISON WITH THAT

DETERMINED BY IgG4 ELISA USING URINE SAMPLES:
A POSSIBILITY OF FALSE POSITIVE REACTIONS WITH ICT CARD
TESTS IN A STUDY IN THAILAND
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Abstract: With the purposes of studying the recent prevalence of Wuchereria bancrofti infection in Thai-Myanmar
border areas, and evaluating the usefulness of a new ELISA, which uses urine as samples (urine ELISA), 519 peo-
ple in Sangkhla Buri and 84 people in Suan Phung were examined by ICT card test for filarial antigen and by urine
ELISA for filaria-specific IgG4. In the former area, positive rates by ICT test and the ELISA were 16.8% and
21.2%, respectively; in the latter area, the respective rates were 10.7% and 7.1%. These figures were unexpected,
because the urine ELISA used to give much higher prevalence than antigenemia tests in our previous studies. In ad-
dition, only 37 of 96 ICT positives (38.5%) were urine ELISA positive. Our previous studies showed that the sen-
sitivity of urine ELISA among the microfilaria and/or antigen positive individuals was more than 90%. Diethylcar-
bamazine treatment given to the known ICT positives at 300 mg/day for 12 days reduced antigenemia rate from
100% to 32.8%, which was determined 2 months after treatment by Og4C3 ELISA. The reduction of 67.2%
seemed to be unusually high. These conflicting results could be explained by possible false positive reactions pro-

duced by ICT test.

INTRODUCTION

There are two species of lymphatic filaria in Thailand,
Wuchereria bancrofti and Brugia malayi. W. bancrofti is
endemic in Thai-Myanmar border provinces of
Kanchanaburi, Tak and Mae Hong Son (Khamboonruang et

.al ., 1987; Phantana et al., 1995; Swaddiwudhipong et al.,
1996). Most of the microfilaria carriers are Karen migrants
from Myanmar (Swaddiwudhipong et al., 1996). In early
reports, B. malayi was endemic in 6 provinces of the east-
ern coast of the peninsula of South Thailand (Guptavanij ez
al., 1977, Harinasuta and Sucharit,1977). It is now re-
stricted to 2 provinces, Surat Thani and Narathiwat (Annual
Report 2000, Filariasis Division, Ministry of Public Health,
Thailand). The increasing number of migrant workers from
Myanmar could influence the distribution and endemicity
level of filariasis especially in the Thai-Myanmar border,

but the information is not sufficient.

Meanwhile, immunodiagnostic methods to detect filar-
ial infection have become popular in field surveys. In Thai-
land, ICT card tests and Og4C3 ELISA, both of which de-
tect W. bancrofti circulating antigens, were reported to be
very satisfactory (Phantana et al., 1999; Bhumiratana et al.,
1999). Itoh et al. (2001) developed an ELISA that could
detect filaria-specific urinary IgG4 without concentration of
sample urine (urine ELISA). The ELISA showed the sensi-
tivity of 95.6% when tested with 91 antigen and/or microfi-
laria positive Sri Lankans, and the specificity of 99.0% with
298 non-endemic controls in Thailand, Laos and Japan.

In the present study, we applied ICT tests and the urine
ELISA in two W. bancrofti endemic areas in Thailand in or-
der to study the recent situation of filarial infection, and to
assess the usefulness of the ELISA. Detected ICT positives
were treated with diethylcarbamazine (DEC), and the ef-
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fects were evaluated with OgdC3 and urine ELISAs. In the
course of the study, we noticed unaccountable relations be-
tween ICT and urine ELISA results, and an unusually sharp
decrease in antigen positive rate after DEC treatment. Possi-
ble reasons for these findings are discussed.

MATERIALS AND METHODS

In Sangkhla Buri, Kanchanaburi Province, 519 people
(401 ethnic Karens and 118 Thais) were examined by ICT
card test (ICT Filariasis, AMRAD, Australia; imported to
Japan from Binax Inc., Portland, ME, USA in mid February,
2001) and by urine ELISA. Sample collection was made in
24-26 March, 2001 by house-to-house visit along main
roads. The ICT test was carried out following indications
provided by the manufacturer. Urine samples were mixed
with sodium azide at 0.1% for preservation. They were
transferred to Aichi Medical University, Japan, and tested
for IgG4 within 4 months after collection. It was shown
that the time of urine collection did not influence IgG4 tit-
ers (Itoh et al, 2001), and the samples can be kept for at
least 14 months at 4°C without deterioration (unpublished
data). Adult Brugia pahangi extract was used as antigen
for the ELISA. The levels of urinary IgG4 were expressed
as antibody units (U) that were calculated based on a stan-
dard curve constructed for each ELISA plate using diluted
positive sera. The cut-off value, determined with non-
filarial control population in Thailand and Laos as the geo-
metric mean of (antibody units +1) +3S.D., was 54.7U. The
technical details on urine ELISA were described elsewhere
(Itoh et al., 2001). In Suan Phung, Ratchaburi Province, 84
people (62 Karens and 22 Thais) were examined by the
same methods. They were outpatients who visited the ma-
laria clinic of Rajanagarindra Tropical Disease International
Centre (RTIC) in 21 March-30 April, 2001.

In early April, all known ICT positive people in
Sangkhla Buri were treated with DEC at 300 mg/day for 12
days. About two months after treatment, in 4-8 June, 67 of
them were re-examined by Og4C3 and urine ELISAs. The
whole blood collected on a filter paper was used for the
0g4C3 ELISA as described by Itoh ez al.(1998). The effi-
cacy of this ELISA is equivalent to an ELISA using ordi-
nary serum samples.

For statistical analysis, % test or Fisher’s exact test was
used to compare positive rates, and one-way analysis of
variance (ANOVA) was used to compare IgG4 levels after
converting antibody units to log values. The P value of <
0.05 was considered significant.

The study was approved by the Ethical Committee of
the Faculty of Tropical Medicine, Mahidol University,
Bangkok, and carried out following the guidelines.

RESULTS

The prevalence of filarial infection in Sangkhla Buri
and Suan Phung by means of ICT card test and urine
ELISA is shown in Table 1. The ICT test resulted in the
positive rates of 16.8% and 10.7% in Sangkhla Buri and
Suan Phung, respectively (P>0.1), while the urine ELISA
gave 21.2% and 7.1% (P <0.003) (Table 1-a). In each area,
the positive rates compared between ICT test and the
ELISA were not different (Sangkhla Buri, P>0.06; Suan
Phung, P>0.4). Both with ICT test and urine ELISA, Thais
and Karens did not show any differences in the positive
rates (Sangkhla Buri, P>0.6; Suan Phung, P>0.2) (Table 1-
b). Comparing the two immunological methods, only 35 of
87 ICT positives (40.2%) were ELISA positive in Sangkhla
Buri, and 2 out of 9 (22.2%) were positive in Suan Phung.
These results indicate that the urine ELISA showed a very

Table 1. Prevalence of filarial infection in Sangkhla Buri and Suan Phung
a) prevalence compared by diagnostic method and locality

Sangkhla Buri Suan Phung
Method No. exam.  No.positive (%) No. exam.  No. positive (%)
ICT test 519 87 (16.8) 84 9(10.7)
Urine ELISA 519 110 (21.2) 84 6(7.1)

b) prevalence (%) compared between ethnic Thai and Karen people

Sangkhla Buri Suan Phung
Method Karen Thai Karen Thai
(N=401) (N=118) (N=62) (N=22)
ICT test 16.5 17.8 12.9 4.5
Urine ELISA 20.7 229 8.1 4.5

Table 2. Comparison of ICT test and urine ELISA, and the sensitivity of the ELISA
a) ICT test vs. urine ELISA: the positivity and negativity by locality

Sangkhla Buri Urine ELISA
Positive Negative Total
Positive 35 52 87
ICT test Negative 75 357 432
Total 110 409 519
Suan Phung Urine ELISA
Positive Negative Total
Positive 2 7 9
ICT test Negative 4 71 75
Total 6 78 84

b) Sensitivity of urine ELISA regarding the present ICT test results as
a gold standard

Sangkhla Buri Suan Phung  Total
No. ICT test positive 87 9 96
No. urine ELISA positive 35 2 37
Sensitivity of urine ELISA 40.2% 22.2% 38.5%




Table 3. Prevalence in Sangkhla Buri determined by ICT test, ana-

lyzed by sex and age \
Male Female Total
Age No. éxam. No‘(%/o:;m No. exam. NO‘(R,;);;M No. exam. No. E%iﬁve
-10 37 6(16.2) 38 3(179) 75 9(12.0)
11-20 50 6 (12.0) 66 7(106) 116 13 (11.2)
21-30 50 9(18.0) 64 9(141) 114 18(15.8)
31-40 46  12(26.1) 50 9(18.0) 96 21(21.9)
41-50 29  10(34.5) 34 6(17.6) 63 16(254)
51- 36 8(22.2) 19 2(10.5) 55  10(18.2)
Total 248  51(20.6) 271 36(13.3) 519 87(16.8)

Table 4. Prevalence in Sangkhla Buri determined by urine ELISA,

analyzed by sex and age
Male Female Total
Age No. exam. No. F%itive No. exam. No. E)q:;iﬁve No. exam, No. gqtgitive
-10 37 1(27) 38 1(296) 75 2027
11-20 50 6 (12.0) 66 8(12.1) 116 14 (12.1)
21-30 50 112200 64 11(172) 114  22(19.3)
31-40 46 17 (37.0) 50 11(22.0) 96 28 (29.2)
41-50 29 14 (48.3) 34 9 (26.5) 63 23 (36.5)
51- 36 16(44.4) 19 5(26.3) 55 21(38.2)
Total 248  65(262) 271 45(16.6) 519 110(21.2)

low sensitivity against the ICT test positives (Table 2).

The prevalence rates by ICT test (Table 3) and urine
ELISA (Table 4) are analyzed by age and sex for Sangkhla
Buri. Two familiar findings were obtained: a higher preva-
lence in males (P<0.03 for ICT; P<0.008 for the ELISA)
and a higher prevalence in older ages (P<0.001 for the
ELISA). With ICT tests, the age group 0-20 years had a
lower prevalence than the age group 31 years and above (P

50 ¢
40 |
3.0

20 t

Urinary IgG4 antibodies in units

1.0

0.0

80 100

Age (years)

Fig. 1 Filaria-specific urinary IgG4 antibodies according to age
(Note) The horizontal line indicates the cut-off level. Antibody units
are converted to log (unit+1) to accommodate zero units.
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Table 5. Prevalence in the first (pre-treatment) and second (post-treatment)
examinations, including 67 ICT positives examined twice

Method 1st exam. (24-26March) 2nd exam. (4-8June)
No. ICT positi 100) No.( it .
Antigen assays 0. p0§1uYe 67 (100) No. 0gdC3 posm‘ve 22(32.8)
negative  0(0.0) negative 45 (67.2)
. No. IgG4 positive 25 (37.3) No. IgG4 positive 24 (35.8)
Urine ELISA
rine negative 42 (62.7) negative 43 (64.2)
() Percentage of the 67 ICT positives
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Fig. 2 Correlation of urinary IgG4 antibodies before and after treatment
(Note) Two dotted lines (horizontal and vertical) indicate the cut-off
level. Antibody units are converted to log (unit+1).

<0.01). In Sangkhla Buri, there were 9 (12.0%) ICT posi-
tives and 2 (2.7%) ELISA positives in the age group=10
years (11 positives in total). In Suan Phung, the youngest
positive was a 10-year-old girl both by ICT test and urine
ELISA.

The levels of urinary IgG4 in Sangkhla Buri are shown
in Fig. 1 according to age. Among antibody positives, there
was no difference in the average antibody unit (geometric
mean) between males (171.0U) and females (259.4U) (P>
0.08). The average units for age groups=20 years, 21-30
years, 31-40 years and>40 years were, respectively, 141.6U,
192.8U, 182.0U and 254.1U, and there was no statistical
difference between the groups (P >0.08).

Of 87 ICT positives detected in March in Sangkhla
Buri, 67 were treated with DEC and re-examined about 2
months later by Og4C3 and urine ELISAs. The prevalence
before and after treatment is compared in Table 5. The anti-
gen positive rate decreased sharply after treatment, from
100% to 32.8% (P <0.001). On the other hand, IgG4 posi-
tive rate remained almost the same (37.3% and 35.8%) (P>
0.8). The pre-treatment average antibody unit for the 25
IgG4 positives was 246.0U, and the post-treatment average
for 24 positives was 235.0U (P>0.9). The antibody levels
correlated well before and after treatment (r=0.75, P<
0.001) (Fig. 2). Five IgG4 positives turned to negative and
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4 negatives turned to positive after treatment. Of 22 Og4C3
positives after treatment, 18 (81.8%) were urine ELISA
positive.

DISCUSSION

Two immunodiagnostic methods, ICT card test and
urine ELISA, were applied simultaneously in two areas in
the Thai-Myanmar border. For most people in the studied
areas, urine collection was the first experience. Females
often showed hesitation in the beginning, but almost all
people accepted the urine test except a few females with
menstruation. It has been shown that the urine-based
method is easy and practical in Thailand.

The present study confirmed W. bancrofti infection in
Suan Phung, Ratchaburi Province. The prevalence was 7-
11% level by ICT test and urine ELISA. There was a 10-
year-old positive girl, suggesting recent transmission. It
seems to be necessary to conduct systematic surveys to un-
cover hidden endemic foci in order to facilitate planning
and operation of filariasis elimination program in Thailand.
Sangkhla Buri had much higher prevalence of 17-21%.
Analyzed by age and sex, the prevalence showed a familiar
pattern: a higher prevalence among males and adults. There
were 11 positives in the age group= 10 years by two immu-
nological tests, indicating recent filarial transmission in this
area also. Thai and Karen people showed very similar
prevalence. This may suggest a possibility that the trans-
mission is occurring inside Thailand. The urinary IgG4 lev-
els among the antibody positives were variable, and there
was no difference in the average antibody units between
sexes or age groups. In Tanzania, with serum samples,
filaria-specific IgG4 was reported to reach the maximum
level in childhood (Simonsen et al., 1996).

In this study, urinary IgG4 was evaluated for the first
time before and after DEC treatment. The antibody preva-
lence and the level remained almost the same, indicating
that the antibodies did not respond to the treatment in 2
months.

The study resulted in several unexpected observation
and findings. First, we had many ICT samples that were dif-
ficult to judge positive or negative, necessitating repeated
reading of ICT cards for decision. In fact, 5 of 9 ICT posi-
tives in Suan Phung and 28 of 87 positives in Sangkhla Buri
were a part of such samples. We did not have this amount
of reading problem in Sri Lanka where ICT tests were car-
ried out under similar tropical conditions (Weerasooriya et
al., 2003). Second, the study result before treatment re-
vealed that only 37 of 96 ICT positives (38.5%) were urine
ELISA positive (Table 2). This is very different from our
two separate experiments in Sri Lanka, where urine ELISA

detected 91.2% of ICT positives (Weerasooriya et al., 2003)
and 95.6% of Og4C3 positives (Itoh et al., 2001). In this
study, the post-treatment sensitivity of urine ELISA against
the Og4C3 positives was 81.8%. As each urine ELISA
plate has been controlled with positive standards, it is un-
likely that the sensitivity reduces to a level of less than 40%.
Third, the prevalence by ICT test was quite high in this
study relative to that obtained by urine ELISA, that is, the
ratios of ELISA positive rate/ICT positive rate were 1.2 in
Sangkhla Buri and 0.7 in Suan Phung, whereas, in Matara,
Sri Lanka, the ratio was 2.5 (Weerasooriya ef al., 2003). In
another study in a very low endemic area in Sri Lanka, the
urine ELISA/Og4C3 ELISA ratio was 7 (unpublished data).
It is a common observation that antibody tests resulted in
much higher prevalence than antigen tests (Chanteau et al.,
1995; Weil et al., 1999). Fourth, the degree of reduction of
antigenemia rate, from 100% (ICT test) to 32.8% (Og4C3
ELISA) 2 months after DEC treatment, is unusually big and
rapid. Most studies reported the persistence of positive an-
tigenemia even years after treatment (Zheng et al., 1990;
Eberhard et al., 1997, Schuetz et al., 2000). The present
reduction does not seem to be caused by the difference in
the method of antigen assay, because both ICT test and
0g4C3 ELISA were reported to be very sensitive and spe-
cific and produced similar results (Weil et al., 1997; Simon-
sen and Dunyo, 1999). Theoretically, as DEC multi-dose
treatments could reduce the amount of antigen up to 49% in
1 year, as determined by Og4C3 ELISA (Eberhard et al.,
1997), the treatment will cause a big fall in antigen rate, if
the majority of those treated are “borderline” positives.
However, this is an unlikely possibility in the present study.
Out of 45 Og4C3 negatives after treatment, 30 showed an
antigen level of 0, indicating that they had been most prob-
ably negative before treatment.

In conclusion, these unexpected findings could be ex-
plained, if we suppose that ICT tests in this study produced
false positive results. Rajgor et al.(2002) reported that ICT
tests produced false positive results, when they were not
read 10 minutes after blood application. Apparently, the
ICT tests we used are different from theirs, and the product
insert requested us to wait for 15 minutes before determin-
ing negative results. We read ICT results, in most cases,
several hours after blood application. If we had, by chance,
the lot of ICT tests with some defect was not known. It was
not possible to reexamine the same population with another
lot of ICT tests. The ICT test is a simple and most conven-
ient format of immunodiagnosis. The simplicity, however,
could be a weakness in the sense that there is no way of
checking unusual events in a series of immune reactions oc-
curring on the card, except for the endpoint product of con-
trol band. Our study did not directly show that ICT tests



produced false positive results, but the findings strongly
suggested the possibility. The test has to be applied with
caution especially when it is used alone. The latest version
of ICT test (Binax Inc.) requires to be read at 10 minutes af-
ter blood application.
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ASSOCIATION OF DENGUE VIRUS TYPE-SPECIFIC
IGG ON PLATELETS IS SPECIFIC
FOR THE ACUTE PHASE IN AN IMPORTED
JAPANESE PATIENT WITH SECONDARY
DENGUE 2 VIRUS INFECTION

KAZUNORI OISHIV, SHINGO INOUE?, TSUYOSHI KURAMOTO", SHOZABURO ONIZUKAY,
MARIKO SAITOY, FUTOSHI HASEBE?, KOUICHI MORITA? and TSUYOSHI NAGATAKE"
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Abstract: The mechanism of thrombocytopenia in dengue virus infection remains unknown. We report herein an

imported case of a 21-year-old male Japanese with dengue fever caused by secondary dengue 2 virus infection. The
thrombocytopenia detected around the day of defervescence was associated with an increased level of platelet-
associated IgG (PAIgG). The eluate from the platelets during the acute phase of this case contained an increased ac-
tivity of anti-dengue virus 2 IgG, while the eluate from platelets during the convalescent phase contained a low
level of anti-dengue 2 IgG. These findings suggest the transient formation of PAIgG involving anti-dengue 2 virus
IgG during the acute phase of secondary dengue 2 virus infection. "
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INTRODUCTION

The geographical distribution of the dengue viruses, a
mosquito-borne  human viral pathogen, has expanded
greatly and the number of cases has dramatically increased
over the past three decades (Igarashi, 1997). Two and a half
billion people in more than one hundred countries are cur-
rently at risk of infection, with an estimated 50 million in-
fections per year (Guzman and Kouri, 2002). The four sero-
types of dengue virus induce a wide spectrum of clinical
manifestations, which are frequently associated with throm-
bocytopenia and hemorrhagic diathesis (Srichaikul and
Nimmannitya, 2000). We recently demonstrated a correla-
tion between increased platelet-associated IgG (PAIgG) and
thrombocytopenia and the association of anti-dengue virus
IgG on platelets from patients during the acute phase of sec-
ondary dengue infection. As a result if these findings, we
propose and that PAIgG formation involving anti-dengue
virus IgG plays a pivotal role in the induction of transient
thrombocytopenia (Oishi, 2003). However, the issue of

whether the association of anti-dengue virus IgG on the
platelets is specific for the acute phase has not been deter-
mined. We demonstrate herein the acute phase-specific as-
sociation of anti-dengue virus IgG on platelets from an im-
ported case of dengue fever.

A 21-year-old Japanese man visited to the Solomon is-
lands between August 19 th and September 2 nd. Immedi-
ately after returning to Japan on September 4 th, he was ad-
mitted to Nagasaki University hospital on September 5 th,
2001 because of high fever that persisted for 2 days. His
medical examination was unremarkable except for the fever
(38.4°C) on admission. No bleeding diathesis was noted. A
thick film of his blood sample, taken on September 5 th,
was negative for the malaria parasite. A plasma sample, ob-
tained on the day of admission, was found to be positive for
dengue virus serotype 2, but negative for dengue virus sero-
types 1, 3 and 4 by RT-PCR (Morita et al, 1991). IgM cap-
ture ELISA was negative on September 5 th, but became
positive on September 14 th (Bundo et al, 1985). Parenteral
fluid therapy (5% glucose in physiological saline) was
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started on the day of admission. Acetaminphen (200 mg per
dose) was orally given when his body temperature reached
in excess of 39°C. The peripheral white blood count de-
creased on September 7 th and 9 th. More Importantly, his
peripheral platelet counts decreased on September 9 th and
reached to a minimum (49 x 10*ml). A small amount of
epistaxis was noted on September 9 th and11th. The day of
defervescence was September 10 th. This case was diag-
nosed as dengue fever based on the WHO criteria because
the hematocrit increase was less than 20% (WHO, 1997).
Further HI tests using serum samples at the acute (Septem-
ber 8 th; 1: 40) and convalescent phase (September 19 th; 1:
5, 120) confirmed the existence of a secondary infection
(WHO, 1997).

An increased level of PAIgG (49.4 ng/ 10" platelets;
the normal range is below 20 ng/ 107 platelets) was found
on September 10 th when the peripheral platelet count was
the lowest. The levels of fibrin degradation product and fi-
brinogen were 2.3 pg/ml and 256 mg/dl, respectively. The
prothrombin time ratio (divided by the normal value) was
1.14. Consequently, the total disseminated intravascular co-
agulation (DIC) score was determined to be 5, which is sug-
gestive of a low probability of DIC (Nishiyama et al, 2000).
Our recent paper demonstrated that PAIgG contains anti-
dengue virus IgG during the acute phase of secondary den-
gue virus infection. We thus compared the levels of anti-
dengue virus serotype 2 IgG in between the eluted sample
from platelets on September 12 (acute phase; platelet count
is 63 x 10%ul) and on October 23 th, 2001 (convalescent
phase; platelet count is 241 x 10%/ul). We also employed
platelet samples from three healthy volunteers (platelet
count ranges from 195 to 303 x 10°/ul). The elution of IgG
from platelet samples was carried out according to previ-
ously described procedures and the eluate was dialyzed
against phosphate buffered saline (PBS) and concentrated to
a final volume of 1ml with 1.5 x 10° platelets (Oishi et al,
2003). The eluates (1:5 diluted in PBS) were used in an in-
direct ELISA as previously described (Oishi et al, 2003).
The optical density (OD at 405 nm; the values are the mean
of three determinations) was measured. The OD at 405 nm
of "the anti-dengue 2 IgG in the eluates from the three
healthy volunteers was 0.12 = 0.07. In contrast, an in-
creased activity of anti-dengue virus 2 IgG (OD at 405 nm;
0.98 = 0.06) in the eluate at the acute phase of the pre-
sented case was found. A decreased activity of anti-dengue
2 IgG (OD at 405 nm; 0.19 £ 0.01) was also found in the
eluate at the convalescent phase of this patient.

The imported case of dengue fever presented in this
study was a secondary infection and was due to a dengue 2
virus infection. A transient increase in anti-dengue virus
IgG on the surface of platelets was found to be associated
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Figure 1. Clinical course of an imported case of dengue fever.

with an increased level of PAIgG during the acute phase of
this case. These data support our hypothesis that the tran-
sient formation of PAIgG could be one of the important fac-
tors inducing thrombocytopenia during the acute phase of
secondary infection. Furthermore, an in vitro study has re-
ported that the dengue 2 virus binds to platelets in the pres-
ence of a virus specific antibody (Wang et al, 1995). The
authors suggest that the Fc receptor is not involved in the
antibody-dependent binding of the dengue 2 virus to plate-
lets. The fact that plasma viremia emerges, peaks during the
early phase and then disappears around the time of defer-
vesence (Libraty et al, 2002), indicates the immune com-
plexes could be formed on the platelet via the direct binding
of a virus to the platelets in the present case of dengue fever.
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Table 1. Variables used in a Model of an Infectious Disease
(An example of schistosomiasis, quoted from reference 1)

BE, PEELE, FERERETLOKAICHET 2EH
Total density of snails
Density of susceptible and uninfected snails
Density of infected snails not yet shedding cercariae (=latent)
Density of infected and shedding snails
Density of snails that have recovered from infection
Prevalence of shedding snails
Prevalence of infected snails
Total density of humans
Mean worm burden in human host
Density of miracidia
Density of cercariae

R TE A RE T A B
Per capita death rate of susceptible and latently infected snails
Per capita death rate of shedding snails
Per capital rate of recovery from infection
Average latent period (infected but not shedding)
Per capita force or rate of infection

FHEBRICET 25
. Per capita death rate of mature worms

Per capita rate at which cercariae establish within the human
host

Per capita fecundity of mature female worms

Per capita rate at which miracidia establish within the snail
host

Per capita death rate of miracidia

Per capita death rate of cercariae

Per capita rate if production of cercariae (per shedding snail)
Probability that a female worm is mated

Negative binomial aggregation parameter
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Figure 1. Stochastic Model and Deterministic Model
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# 1 Malariometric surveys in the Solomon Islands in pre-control period (1993—94)
No. of positive
Villages  Year Pf Pfg* Pv' Pvig? efazﬂzf(a 4
(%) (%) (%) (%)
A 1993 33 4 14 4 131
25.2+3.8 3.1+1.5 10.7+2.7 3.1£1.5
B 1993 42 4 13 4 157
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Total 87 12 33 8 361
24,1£2.3 3.3+0.9 9.1+1.5 2.24+0.8

*Pf: P, falciparum, "Pv: P. vivax, *g: gametocyte
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Figure 2: Cholera cases by week of onset in Kisumu, Kenya. Shaded points shows posi-
tions of cholera patients and the week of onset. Surfaces of five classes indicates a result
of Kriging application for the point data. Data was provided by A. Hightower, J. Gimnig,
and J. Brooks from unpublished CDC (Centers for Disease Control and Prevention) data.
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Figure 3: Mortality of cholera on cartogram of the southern Vietnam, 1992. (a) the number of local deaths simply divided by lo-
cal population. (b) risk relatively adjusted by whole rate over areas. (c¢) probability computed with Pearson model. The intervals
in classification on each map is equal portion. Mortality data was collected at Pasteur Institute in Ho Chi Minh City, Vietnam.
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Figure 4: Types of spatial autocorrelation, (a) Positive spatial autocorre-
lation, (b) Negative spatial autocorrelation, (¢) No spatial autocorrelation.
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Moran’s I =0. 8026814
p<0.001

(a)

Moran’s I = —0. 3467474
p<0.005

(b

Moran’s / = —0. 1818179
N. S.

(c)

Figure 5: Moran’s J with fictitious sample data. (a) Positive spatial autocorrelation, (b) Negative spatial au-
tocorrelation, (¢) No spatial autocorrelation. Moran’s / were computed with generalized spatial weights ma-
trix using spdep library in R statistic package, statistically testing under the assumption of randomization.
The maps shows Uganda administrative boundaries, derived from the Digital Chart of World.
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Advantages of Spatial Epidemiological Approach for Disease Control and Prevention.

SUSUMU TANIMURA
Department of Socio-enviromental Medicine, Institute of Tropical Medicine, Nagasaki University

Abstract: Grasping disease distribution is fundamental to epidemiology and health research (e.g. medical resource
allocation), both of which essentially contribute to disease control and prevention. Since classic disease mapping
does not help to comprehend disease distribution in most cases, especially on the points of their geographical clus-
tering and trends, spatial epidemiology integrated with spatial data analysis and spatial statistics has been devel-
oped. This paper describes spatial interpolation, probability mapping and spatial autocorrelation analysis as case
studies of spatial epidemiological approaches for disease control and prevention; illustrating how much instrumen-
tal spatial epidemiology is in disease control and prevention. Spatial interpolation that interpolates attribute value
among observed points with spatial statistically optimum value is an effective methods for clarification of disease
epidemic trends. Probability mapping by applying Pearson model adjusts overestimated or underestimated epide-
miological indicators in classic mapping. Autocorrelation analysis detects a disease cluster which is hardly detect-
able on a classic disease map. Demonstrative calculation of Moran’s  statistic shows cases of positive and negative
spatial autocorrelation, and none of spatial autocorrelation. The author indicates some important notice and limita-
tion in the approaches, such as reporting bias, mismatching exposed, onset and present address, and modifiable
areal unit problem.
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