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We determined the usefulness of an immunoglobulin A (IgA) antibody-capture enzyme-linked immunosor-
bent assay for serodiagnosis of dengue virus infections. The results indicate that the presence of IgA and IgM
in serum samples assures recent primary dengue virus infection even with a single sernm sample.

Dengue viruses cause dengue fever and dengue hemorrhagic
fever. Dengue fever/dengue hemorrhagic fever is one of the
most serious public health problems in tropical and subtropical
areas in the world. Monitoring of dengue virus infections is an
important component in assessing the risk to humans. Reverse
transcriptase PCR and immunoglobulin M (IgM) capture en-
zyme-linked immunosorbent assay (IgM-capture ELISA) have
been carried out in laboratories (3, 7). In the present stully, we
assess the usefulness of the anti-dengue virus IgA antibody
response in serological diagnosis of dengue virus infection.

In the present study, 94 serum samples from 62 dengue
patients in Japan were tested. Sera were also collected from 32
healthy Japanese adults who had never been to areas of a
dengue virus epidemic or areas to which dengue virus is en-
demic. Four prototype dengue virus strains and a Japanese
encephalitis virus (JEV) strain, JaGAr01, were used for anti-
gens. Preparation of viral antigens was carried out according to
previously described methods (4). [gA-capture ELISA was car-
ried out according to the previously described IgM-capture
ELISA technique (2, 3, 4). Antibody titrations were carried out
to determine the assay dilution in IgA-capture ELISA, using
one (each) serum sample from a confirmed dengue patient and
a healthy Japanese donor (data not shown). The result was
quantified as a positive-to-negative (P/N) ratio: P/N ratio =
Ay, reading with the viral antigen/d,,, reading with the un-
infected control antigen. Specific absorbance stayed at the pla-

TABLE 1. Comparison of the results obtained with IgA ELISA
and IgM ELISA

No. of samples (patients)

TgA ELISA with IgM ELISA result Total no. of
result samples (patients)
Positive Negative
Positive 23(19) 0 23(19)
Negative 50 (33) 21 (10) 71 (43)
Total 73 (52) 21 (10)

* Corresponding author. Mailing address: Department of Microbi-
ology, Saitama Medical School 38, Moroyama, Saitama 350-0495,
Japan. Phone and fax: 81-49-276-1438. E-mail: mnawa@saitama-med
.acjp.
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teau level at the dilution ranges from 1:50 to 1:400 and de-
creased gradually at serum dilutions higher than 1:400. Low
levels of nonspecific reaction were detected with dengue virus-
negative control serum at low dilutions. P/N ratios clearly dif-
ferentiated the dengue virus-positive serum from the negative
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FIG. 1. Detection of dengue virus-specific IgA (A) and IgM (B) on
specific disease days. Closed and open columns indicate positive and
negative, respectively.
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FIG. 2. Virus specificities of IgA and IgM antibodies among dengue and JE‘ﬁatients in Japan. Thirty-one serum samples (A and B) from 26
dengue patients and 22 (C and D) from 22 JE patients were subjected to IgA-capture ELISA (A and C) or IgM-capture ELISA (B and D). Results

are presented as P/N ratios.

one at the dilution ranges in the assay. Based on these results,
we decided to dilute the serum samples at 1:400 for IgA-
capture ELISA in the present study. In order to determine the
cutoff value in IgA-capture ELISA, 32 negative sera were as-
sayed. Mean P/N ratios plus two standard deviations obtained
at 1:400 dilutions of the sera were 1.64 + 0.254 and 1.73 +
0.258 for dengue virus-negative, anti-JEV HI antibody-nega-
tive (lower than 1:10) and dengue virus-negative, anti-JEV HI
antibody-positive sera (higher than 1:10), respectively. There-
fore, the cutoff value was defined as follows: mean P/N ratio +
2 standard deviations = 2.00 in IgA-capture ELISA.
Ninety-four serum samples from 62 dengue patients col-
lected on various days were tested by IgA- and IgM-capture
ELISA (Table 1). Twenty-three (from 19 cases) of the 94
samples were IgA positive, and the remaining 71 were IgA
negative. Seventy-three (from 52 cases) of the 94 samples were
IgM positive, and the remaining 21 were IgM negative. There
was no sample which was IgA positive and IgM negative. The
agreement of results between the IgA and IgM tests was 32%
(23/73). To investigate the differences between IgA and IgM
tests, we analyzed the kinetics of IgA and IgM responses.
Seventy-three serum samples with defined disease days were
tested by IgA- and IgM-capture ELISA (Fig. 1A and B). Dis-
ease days were defined according to the report by Vaughn et al.

(6). Disease day 1 is the day of onset, which is asually charac-
terized by fever. IgA was positive as early as disease day 6 and
as late as disease day 23, and IgA responses were mostly
positive on disease days 9 to 15 (Fig. 1A). On the other hand,
IgM responses were mostly positive on disease days 5 to 50
(Fig. 1B). The results suggest that serum IgA antibody re-
sponses reflect dengue virus infection; however, IgA antibody
remains positive for a short period of time compared to IgM
antibody.

We next examined virus specificities of antibodies among
patients. We previously reported that most of the dengue cases
were primary dengue virus infection in Japan but demon-
strated immune responses as secondary flavivirus infection be-
cause of immunity to JEV (2), We compared titers of IgA and
IgM for dengue virus and JEV antigens in 31 serum samples
from 26 dengue patients (Fig. 2A and B). Twenty-two serum
samples from 22 Japanese encephalitis (JE) patients were also
tested (Fig. 2C and D). Ten of the serum samples were kept at
the Department of Virology, Institute of Tropical Medicine,
Nagasaki University, and 12 were kept at National Institute of
Infections Diseases, Tokyo, Japan. Serum IgA antibody in den-
gue patients was cross-reactive to dengue virus and JEV anti-
gens, whereas IgM antibody was specific for dengue virus an-
tigen (Fig. 2A and B). Titers of IgA and IgM for dengue virus
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and JEV antigens were also compared in serum samples from
JE patients. IgA and IgM for JEV antigen were detected but
not IgA and IgM for dengue virus antigen (Fig. 2C and D).
There is no domestic dengue virus infection in Japan. There-
fore, all the dengue patients are imported cases. On the other
hand, most of the Japanese population possesses antibodies to
JEV by vaccination or natural infection. Therefore, most den-
gue cases are also considered secondary flavivirus infection.
The present data are different from the reports by the groups
of Talarmin et al. (5) and Balmaseda et al. (1). The specificity
and positive predictive value of their data are over 90% for
dengue patients’ sera, which were collected in French Guiana
and Nicaragua, respectively. This may have been due to the
difference in epidemiological status. French Guiana and Nic-
aragua are countries to which dengue virus is endemic,
whereas Japan is not. Therefore, serum samples were probably
from secondary dengue virus infections in those studies but
from primary infections in our study. The results in the present
study indicate that dengue virus infection elicits serum IgA
antibodies as well as IgM in patients, but IgA persists for a
shorter period of time. Thus, the presence of both IgA and
IgM suggests an early phase of dengue virus infection, and
assure dengue virus infection even with a single serum sample,
when dengue patients are primary infections. However, it
should be noted that the absence of IgA does not necessarily
rule out dengue virus infection. The combination of IgMgcap-
ture ELISA and IgA-capture ELISA increases the assurance of
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the serological diagnosis of dengue virus infection, especially
when only a single serum sample is available.

This work was supported by a grant from the Research on Emerging
and Re-emerging Infectious Diseases program, Ministry of Health,
Labor and Welfare, Japan.
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SUMMARY: Detection of Japanese encephalitis virus (JEV)-specific 1gM by IgM-capture enzymed-linked
immunosorbent assay (IgM-capture ELISA) has been accepted as the standard for serological diagnosis. In the
present study, we analyzed the time course of the positive rate of JEV-specific IgM in serum and cerebrospinal
fluid (CSF) specimens from confirmed JE patients. Serum and CSF samples were obtained from 155 JE cases
for diagnostic purposes at hospitals in Thailand from 2002 to 2004. The levels of specific IgM were assessed by
lgM-capture ELISA in the 171 serum and 156 CSF samples. Anti-JEV 1gM was detected in 26 of 44 serum
samples collected on days 1-4 of the disease period, in 31 of 44 samples collected on days 5-8, in 23 of 26
samples collected on days 9- 12, and in al{ the samples collected on day 13 or later. Specific IgM was detected in
60 of 66 CSF samples collected on days 1 -4 of illness, and in all the CSF samples but one collected on day 7 or
later. The results indicate that the detection of JEV-specific 1gM in CSF by IgM-capture ELISA is a reliable
laboratory diagnostic method for confirmation of JE throughout the disease period, while the detection of 1gM in

serum samples 1s a reliable method on day 9 or later.

INTRODUCTION

Japanese encephalitis virus (JEV) is the most common cause
of viral encephalitis in Southeast Asia. JEV is a member of
the family Flaviviridae, genus Flavivirus, and is transmitted
to humans through a pig-Culex mosquito-pig cycle. Humans
are an incidental host. The clinical features are manifested as
a febrile headache syndrome, aseptic meningitis, or encepha-
litis (1,2).

JEV can not usually be isolated from clinical specimens
because of the low levels of viremia and the rapid develop-
ment of neutralizing antibodies (3). The detection of JEV-
specific IgM by IgM-capture enzymed-linked immunosorbent
assay (lgM-capture ELISA) has been accepted as the stan-
dard for serological diagnosis. This assay distinguishes
between JE and dengue virus, which are serologically cross-
reactive (4). Presence of JEV-specific IgM in cerebrospinal
fluid (CSF) is considered to be a sign of JEV infection of the
central nervous system. Serum samples are also used for
detection of specific 1gM, because serum can be obtained
from patients more easily than CSF. In the present study, we
analyzed the time course of the detection of JEV-specific IgM
in serum and CSF specimens from confirmed JE patients.

MATERIALS AND METHODS

Patients: Patients with fever (=39°C) and showing at least
two of six symptoms - headache, changes of consciousness,
convulsions, abnormal movements, neck rigidity and pres-

#*Corresponding author: Mailing address: National Institute of
Health. Department of Medical Sciences. Ministry of Public
Health, 88/7. Tivanond Road, Muang, Nonthaburi 11000, Thai-
land. Tel: +66 29510000 ext. 99220, Fax: +66 25915449, E-mail:
sn111139@dmsc.moph.go.th

294

ence of Kernig’s sign — were clinically diagnosed with viral
encephalitis if no bacteriological causative agent was found.

Specimens: Serum and CSF specimens were obtained
for diagnostic purposes from 1,453 patients with clinically
suspected viral encephalitis in hospitals in Thailand from 2002
to 2004. These specimens were sent to the Arbovirus Section,
National Institute of Health, Thailand for serological tests.
Of these 1,453 patients, 155 patients were confirmed to have
JE based on the serological tests, in which positivity for the
disease was taken as an anti-JE 1gM titer of 40 units or more
in a CSF specimen collected at any time point of illness. In
the present study, disease day | was defined as the day of the
onset of symptoms.

IgM-capture ELISA: All the specimens were examined
for anti-JEV 1gM by IgM-capture ELISA as reported by Innis
et al, using mouse brain-derived, acetone-extracted JE anti-
gen and a tetravalent of dengue antigen (5). Brietly, 96- well
microtiter plates (Nunc Maxisorp; Nune, Roskilde. Denmark)
were coated with rabbit anti-human 1gM antibody (1CN,
Cappel; ICN Biomedicals Inc., Aurora, Ohio, USA). Fifty
microliters of serum diluted at 1:100 in PBS or CSF diluted
at 1:10 in PBS was added to the wells and incubated over-
night at 4°C. The plates were then washed 6 times with PBS
plus 0.05% Tween 20, and 50 #21 of either JE antigen or
tetravalent dengue antigen diluted in PBS containing 20%
acetone-extracted normal human serum prepared as described
by Burke et al. (6) was added to the wells. The dengue
antigen was a mixture of 16 hemagglutination units cach
of dengue serotypes |-3 and 8 hemagglutination units of
dengue serotype 4 in 50 1£1. The JE antigen was diluted o
50 hemagglutination units in 50 121. After 2 h of incubation
at room temperature, the plate was washed as described above
and 25 pl of optimal diluted HRP-conjugated anti-flavivirus
1gG, prepared from pooled convalescent sera of patients with
dengue hemorrhagic fever with secondary antibody responses
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as previously described (7), was added. After | h of incuba-
tion at 37°C, 100 111 of o-phenylene diamine (OPD) substrate
(Sigma-Aldrich Co., St. Louis, Mo., USA) was added to
develop the color. The reaction was stopped by the addition
50 ul of 4M sulfuric acid. On all test plates, 1:100 dilutions
of negative control (NC), weak positive control (WPC),
and strong positive control (SPC) serum samples were run
simultaneously with duplicate test samples. The plate was
read for absorbance at 490 nm by an ELISA reader (EIx800;
Bio-Tex Instruments, Inc,, Winooski, Vt., USA). The ELISA
titer was calculated by this formula: units = 100 X (A,
test sample — A,y NCY(A, WPC — Ay, NC). The cutoff
point for IgM was 40 units and corresponded to a mean test
absorbance of 0.175 (4,5,8). A ratio of anti-JE IgM to anti-
dengue 1gM higher than 1.0 was defined as JEV infection. It
was necessary 1o measure the level of antibodies against both
viruses because dengue and JEV co-circulate in Thailand.

Statistical analysis: The correlation between 1gM titers in
CSF and serum from the same patients was analyzed. The
correlation was considered to be significant when the P value
was less than 0.05.

RESULTS

One-hundred and seventy-one serum samples and 156 CSF
samples were obtained from 155 patients with confirmed
JE. Figures 1 and 2 show the numbers of JEV lgM-positive
or -negative serum and CSF samples according to the day of
disease. Anti-JEV 1gM was detected in 26 of 44 serum samples
collected on days 1-4 of disease, in 31 of 44 samples
collected on days 5-8, in 23 of 26 samples collected on days
9-12, and in all the samples collected on day 13 or later
(Figure 1). Specific IgM was detected in 60 of 66 CSF samples
collected on days 1-4, and in all the CSF samples but one
collected on day 7 or later (Figure 2). The percentages of
anti-JEV 1gM-positive samples were higher in CSF samples
{(diluted at 1:10) than in serum samples (diluted at 1:100)
on disease days 1-12 (Figures 1 and 2). Anti-JEV 1gM was
detected in all the CSF and serum samples collected on day
13 or later.

The levels of anti-JEV 1gM were compared in pairs of
serum and CSF samples collected from the same patients on
the same day (Figure 3). There was a significant correlation
between the 1gM titers in CSF and those in serum samples
(R*=0.575, P <0.001).
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DISCUSSION

From 1993 to 1998, between 500 and 700 cases of viral
encephalitis were reported each year in Thailand, and about
34 cases per year were confirmed by serological diagnosis
(9). In the present study, we analyzed anti-JEV IgM levels in
both serum and CSF using specimens from 155 JE cascs that
were obtained for diagnostic purposes at hospitals through-
out Thailand from 2002 to 2004. These cases constituted
approximately 10% of the patients who were clinically
diagnosed with viral encephalitis. The levels of JEV-specific
1gM were assessed by IgM-capture ELISA in the 171 serum
and 156 CSF samples.

The anti-JEV IgM positive-rate was higher in CSF samples
than in serum samples until day 13 of the disease period, with
day 1 defined as the day of onset of symptoms. Specific IgM
was detected in 60 of 66 CSF samples collected on days 1 -4,
and tn all the CSF samples but one collected on day 7 or
later. Thus, in most of the JE cases, specific 1gM wus detect-
able in CSF as early as day 1. On the other hand. in most
cases, specific IlgM was not detected in serum samples until
day 9 or later. Therefore, for confirming JE, an assay for IgM
in CSF is likely to be more effective than an assay for 1gM
in serum samples in the early days (days | - 8) of the illness.
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Detectable levels of anti-JEV IgM were present in atl the CSF
samples on disease day 8 or later. This result is in good agree-
ment with a report by Burke et al. in which specific 1gM was
detectable in all the CSF samples on day 7 (10).

The results indicate that the detection of specific 1gM in
CSF by lgM-capture ELISA is a reliable laboratory diagnos-
tic method for confirmation of JE throughout the disease
period, while the detection of 1gM in serum samples is a
reliable method for the later part of the disease period.
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