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Abstract.

Large-scale epidemiological surveillance of dengue in the field and dengue patient management require

simple methods for sample collection, storage, and transportation as well as effective diagnostic tools. We evaluated the
kinetics of three biological markers of dengue infection—non-structural protein 1 (NS1) antigen, immunoglobulin M (IgM),
and IgA—in sequential capillary blood samples collected from fingertips of confirmed dengue patients. The overall
sensitivities and specificities of the tests were 96% and 100%, respectively, for NS1, 58.1% and 100%, respectively, for
IgM, and 33% and 100%, respectively, for IgA. During the acute phase of the disease, NS1 was the best marker of dengue
infection, with a sensitivity of 98.7%, whereas from day 5, all three markers exhibited relevant levels of sensitivity. This first
descriptive study of the kinetics of biological markers of dengue in capillary blood samples confirms the usefulness of this
biological compartment for dengue diagnosis and argues for its exploitation in community-level and remote settings.

INTRODUCTION

Dengue fever is an arboviral disease that is a public health
priority in most tropical countries." The disease is caused by
infection with one of four serotypes of dengue virus (DENV),
a member of the Flaviviridae family. Considered to be a
re-emerging disease by the World Health Organization, it
affects up to 100 million people each year, with about
500,000 cases of severe illness and around 30,000 deaths.>?
However, the true impact of dengue on health is probably
underestimated, because there is no specific clinical presen-
tation for dengue infection; also, there are insufficient or no
specialized laboratories in most endemic regions. In the
absence of specific therapy, the management of dengue cases
mainly relies on early detection of infected patients and symp-
tomatic treatment of the most severe cases. However, the
tools currently available for dengue diagnosis have short-
comings and limitations. First, a combination of different
techniques has to be used for dengue diagnosis, and the
most appropriate combination of techniques varies according
to the phase of the disease. During the acute phase, from
day 0 to day 4 (day O being the first day of the onset of the
symptoms), direct methods are preferred, regardless of the
DENYV serotype: viral RNA detection by reverse transcrip-
tion polymerase chain reaction (RT-PCR), virus isolation,
and/or detection of non-structural protein 1 (NS1).* From
day 5 on (early convalescent phase), it is recommended to use
serological tests that can detect dengue virus-specific immuno-
globulin M (IgM) and IgA.'*"* Second, a venous blood sam-
ple is required, and such samples may be difficult to collect,
store, and transport to specialized diagnostic laboratories,
particularly for children and patients living in remote areas.
Therefore, other alternatives for dengue diagnosis based
on non-invasive sample collection combined with sensitive,
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specific, rapid, and cost-effective detection tools are required
to identify and manage patients suspected of dengue; such
tools would also be useful for field studies in endemic
regions.'*” Against this background, we previously showed
that capillary blood samples collected from the fingertip by
pricking and absorbed onto filter papers could be a promising
alternative to venous puncture for dengue diagnosis and epi-
demiological studies.'*'® In particular, we showed that this
sampling approach allowed the detection of the viral genome,
the NS1 antigen, and dengue-specific IgM antibodies without
cold chain constraints.'® In the present descriptive study, we
assessed testing for NS1 antigen and IgM and IgA antibodies
in capillary blood samples from dengue patients collected
sequentially over the course of the disease. Through this
study, we show that this biological compartment may be very
useful for dengue diagnosis, notably during the period from
day 4 to day 7 of the disease, during which time many patient
present clinical complications. We also confirm that the com-
bined use of these three biological markers reinforces the
diagnosis of dengue infection.

MATERIALS AND METHODS

Ethics statement. Patients from the People’s Hospital 115,
Ho Chi Minh City, Vietnam and healthy individuals were
included in the cohort according to a detailed protocol
that was approved by the Ethics Committee of the People’s
Hospital 115. Conforming to this protocol, dengue-positive
patients and healthy individuals were included after oral
informed consent was obtained. The inclusion of dengue-
positive patients in the study was notified in personal medical
files. The committee did not ask for a specific form (oral/
written) for the consent. We favored an oral agreement, noti-
fied in each medical file, because few of the patients can read
French or English.

Patients and study design. From July to October of 2007, a
prospective longitudinal study was carried out in the People’s
Hospital 115, Ho Chi Minh City, Vietnam. In total, 26 dengue-
positive patients ages 16-45 years old (range = 24.9 years old)
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were enrolled after obtaining oral informed consent (parent/
guardian consent was obtain for minors). All patients included
presented with a sudden onset of continuous high fever lasting
less than 3 days that was associated with intense headache,
arthralgia, or myalgia but not with rhinitis or other clinically
obvious alternative symptoms. The first day of fever was
defined as day 0 of the disease.

Serum samples were collected (by intravenous puncture)
from each patient on day 2 of their disease, and they were
used to confirm dengue infection by RT-PCR or virus isola-
tion.*> Among 26 dengue-positive patients, 8 patients had
DENV-1, 7 patients had DENV-2, 6 patients had DENV-3,
1 patient had DENV-4, and 4 patients had DENV-1 and
DENV-4 coinfections (Table 1). Three drops of about 20 uLL
capillary blood were collected daily (from day 2 until the end
of hospitalization) from a finger of each patient and indepen-
dently absorbed onto filter paper (Whatman 3M-Schleicher
and Schuell, Germany). One of the triplicate samples was
used for each of the following tests: NS1 detection by Platelia
Dengue NS1 Ag Capture Enzyme-Linked Immunosorbent
Assay (ELISA; Bio-Rad Laboratories, Marnes-La-Coquette,
France); specific dengue IgM and IgA antibodies detection using
IgM and IgA Antibody Capture (MAC and AAC) ELISA; and
dengue IgG antibodies detection by indirect ELISA. In total,
129 sequential capillary samples were collected between day 2
and day 7 of the disease. These sequential capillary samples
included 41 sequential samples from DENV-1 patients,
34 sequential samples from DENV-2 patients, 30 sequential
samples from DENV-3 patients, 5 sequential samples from
DENV-4 patients, and 19 sequential samples from coinfected
DENV-1 and -4 patients (Table 1). According to the informa-
tion provided by the patients, 77 samples were collected during
the acute phase of the disease (from day 2 to day 4), and 52 sam-
ples were collected during the early convalescent phase (day 5
and later) (Table 1). These samples were stored at —80°C for
1 year at the Institut Pasteur, Ho Chi Minh City, Vietnam. They
were then sent at room temperature to the Institut Pasteur de la
Guyane, where they were stored at —80°C until testing.

The specificity of the biological markers in capillary blood
samples was assessed using samples from 17 healthy individ-
uals ages 2449 years old (range = 35.6 years old). To exclude
possible asymptomatic DENV infection, RT-PCR, NS1, and
specific dengue IgM assays were performed from each
patient’s venous sample collected at inclusion in the study. In
parallel to this intravenous puncture, three drops of capillary
blood were collected daily from each individual for 6 days.
In total, 102 capillary blood samples were analyzed using the

Platelia Dengue, MAC and AAC ELISA for detection of
NS1 antigen, and dengue IgM and IgA antibodies tests.

Laboratory analyses. Detection of NSI antigen in capillary
blood samples using the Platelia Dengue NSI Ag test. A drop
of blood was collected daily onto blotting paper from a finger
prick from each confirmed dengue patient and healthy indi-
vidual. These capillary blood samples were used for NS1
detection by the Platelia Dengue NS1 Ag Capture ELISA
Kit (Bio-Rad Laboratories, Marnes-La-Coquette, France).
Filter papers carrying one entire drop of capillary blood
(about 20 nL whole blood) were cut and placed individually
into sterile tubes containing 150 pL kit dilution buffer. In
addition to the controls provided by the kit, we included two
NS1-positive and -negative sera as internal controls: 10 nL
these sera were absorbed onto filter paper and processed in
the same way as capillary blood samples. After 30 minutes of
incubation at room temperature, an aliquot of 100 uL each
sample was incubated with 100 pL diluted conjugate for
90 minutes. Subsequent steps were as recommended by the
manufacturer.”'® The sample/cutoff ratio was calculated for
each sample. Ratios of < 1.0 and > 1.0 were designated as
negative and positive, respectively.

Detection of specific IgM and IgA in capillary blood samples.
In total, 129 sequential capillary blood samples from 26 con-
firmed dengue cases and 102 capillary samples from dengue-
negative patients were tested for dengue-specific IgM and
IgA antibodies by MAC and AAC ELISA using an in-house
protocol similar to the protocol described in the work by
Talarmin and others.'! Each filter paper carrying a capillary
blood sample (20 uL) was cut entirely into strips and placed
in sterile tubes. They were incubated for 2 hours in 600 uL
1x phosphate-buffered saline (PBS) containing 0.5% Tween
20 and 5% non-fat dried milk (PBS-T NDM). Aliquots of
100 pL each eluate were used as serum in the MAC and
AAC ELISA tests."! Briefly, each well of the flat-bottomed
microplates (Maxisorp; Nunc) was coated with 100 pL either
goat anti-human IgM diluted 1:500 in PBS or goat anti-human
IgA diluted 1:250 in PBS (Sigma Laboratories, L'Isle d’Abeau
Chesnes, France). The microplates were incubated for 1 hour
at 37°C and washed with PBS-T. Each of 231 capillary blood
sample eluates was dispensed at 100 pL per well in duplicate.
Six negative and two positive whole-blood samples were
included on each plate as controls. The plates were then incu-
bated for 1 hour at 37°C. The plates were washed with PBS-T,
and 100 pL (16 hemagglutination units) tetravalent dengue
virus antigen or an uninfected control sample diluted in
PBS-T NDM were dispensed into one of a pair of wells.

TaBLE 1
NS1-positive capillary blood samples by dengue serotype during the course of disease in 26 confirmed dengue patients

Days after onset DENV-1 DENV-2 DENV-3 DENV-4 DENV-1 and -4 Total (%)
Day 2 8/8 717 6/6 11 4/4 100 (26/26)
Day 3 8/8 6/6 6/6 11 4/4 100 (25/25)
Day 4 8/8 6/7 6/6 11 4/4 96.1 (25/26)
Sensitivity during the 24/24 19/20 18/18 3/3 12/12 98.7 (76/77)

acute phase
Day 5 8/8 6/6 5/6 171 4/4 96.0 (24/25)
Day 6 6/7 5/6 4/4 0/1 212 85.0 (17/20)
Day 7 212 212 212 - 11 100.0 (7/7)
Sensitivity during the 16/17 13/14 11/12 12 717 92.3 (48/52)

convalescent phase
Sensitivity/ DENV
serotype (95% CI)

40/41 (92.8-100)

32/34 (86.2-100)

29/30 (90.2-100)

4/5 (44.9-100)

19/19 (85.4-100)

96 (124/129; 92.8-99.5)
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These antigens were obtained from suckling mouse brain prep-
arations. The plates were incubated at 4°C overnight and
washed with PBS-T, and bound antigens were detected with
anti-dengue virus mouse ascitic fluid prepared in our laboratory
and diluted 1:10,000 in PBS-T NDM. Peroxidase-conjugated
goat anti-mouse IgG (Sigma Laboratories) diluted 1:1,000
in PBS-T NDM was then added, and tetramethylbenzidine
(TMB; Sigma) was used as the substrate. After 30 minutes,
the reaction was stopped by the addition of 0.5 N sulfuric acid
to each well, and optical density (OD) at 450 nm was read in
an ELISA reader. The results for MAC ELISA were calcu-
lated by dividing the absorbance of the antigen-containing
well by the absorbance of the infected control well for
each capillary blood sample. A ratio of three or more was
considered positive.

For AAC ELISA, the mean + SD OD values for the nega-
tive controls were determined. A result was scored negative
when the OD value was less than the mean value for the
negative controls plus 2 SDs, and it was scored positive when
the OD value was above 3 SDs.

Detection of specific dengue IgG in capillary blood samples
of confirmed dengue patients. In parallel to dengue IgM and
IgA detection in the sequential capillary blood samples, past
exposure to dengue virus was determined for the positive
dengue patients. The third drop from each of 26 samples
collected on day 2 of the disease was used to determine the
dengue IgG response using a test adapted from a previously
described indirect IgG ELISA." Briefly, for each of 26 patient
samples, one well (Polysorp; Nunc) was coated with 100 uL
dengue antigen (dilution 1:2,000 in PBS), and one well was
coated with 100 pL normal mouse brain antigen (dilution
1:2,000 in PBS). After overnight incubation at 4°C and washing,
100-uL aliquots of each capillary blood sample eluate were
added to the wells as described above. Six negative and two
positive reference serum samples were included as controls.
The plates were then incubated for 1 hour at 37°C. Finally,
bound IgG was detected by the addition of 100 uL/well horse-
radish peroxidase-conjugated goat anti-human IgG (Jackson
Immunoresearch Laboratories, West Grove, PA) diluted
1:2,000 in PBS-T NDM. After 1 hour at 37°C, the plates were
washed, and TMB was added as substrate. After 15 minutes
at room temperature, the absorbance at 650 nm (A650) was
read with a microplate reader, and the Axqs0 Was calculated
(Aasso = Aasso Den Ag — Aagso control Ag). To validate the
test, the Aagso of the positive control had to be > 0.5, and the
Aasso of the negative control had to be < 0.2. The means
(£SDs) of Aagso values for the negative controls were then
determined. A result was considered negative when the Aagso
values were less than the mean value for the negative control
plus 2 SDs, indeterminate when the Aagsp values were
between 2 and 3 SDs, and positive when the Aagso values were
more than 3 SDs above the mean negative control value.

Statistical analyses. The sensitivities and specificities of
each biological marker in capillary blood samples were deter-
mined using 2 x 2 tables. The performances of each assay were
evaluated by comparing results obtained from capillary and
venous samples.

RESULTS

During a prospective longitudinal study in Vietnam in 2007,
we evaluated the time course of detection of three biological

markers of dengue infection—NS1 antigen and dengue IgM
and IgA antibodies—in dried capillary blood samples col-
lected from 26 confirmed dengue patients. Dengue diagnosis
was confirmed for each patient by RT-PCR or virus isolation
from venous samples collected on day 2 of the disease. For
each confirmed dengue patient, capillary blood samples were
collected sequentially from day 2 to day 7 (at the latest) and
dried on sterile filter papers. For medical reasons, blood was
not collected on day 3 from one patient infected by DENV-2.
This patient left the hospital on day 5 of the disease (Table 1).
Because specific IgGs to dengue antigens were detected for
each of 26 capillary blood samples collected on day 2 of the
disease, we concluded that all infected patients presented with
secondary infection.*

In total, 102 capillary blood samples from 17 healthy indi-
viduals were used to determine the specificity of the biologi-
cal markers of dengue infection in the capillary compartment.
These individuals were enrolled in the study after exclusion
of possible asymptomatic dengue infection by negative NS1,
RT-PCR, and dengue antibodies detection from venous sam-
ples collected on the first day of inclusion.

Of 129 dried capillary blood samples, 124 samples scored
positive for NS1 with the Platelia Dengue NS1 Ag Capture
ELISA Kit (Table 1). Thus, the overall sensitivity of NS1 detec-
tion in dried capillary blood samples was 96% (124 of 129;
95% confidence interval [95% CI] = 93-99%). As expected,
NS1 was more frequently detected during the acute phase of
the disease (from day 2 to day 4), during which time the
sensitivity was 98.7% (76 /77; 95% CI = 96-100%). None-
theless, the sensitivity was only slightly lower during the early
convalescent phase of disease (from day 5 to day 7), when
it reached 92.3% (48/52; 95% CI = 85-100%) (Table 1). On
day 5 of the disease, the level of NS1 antigen detection was
still high, because 24 of 25 (96%) capillary blood samples
scored positive. Excluding the DENV-4 serotype, which was
detected in one patient and four coinfected patients, there
was no significant difference in NS1 sensitivity (P < 0.05)
between the three other viral serotypes. It is noteworthy
that all sequential capillary blood samples collected from
17 healthy patients scored negative for NS1.

IgM and IgA antibodies were detected in 58.1% (75/129; 95%
CI = 49.6-66.6%) and 33.3% (43/129; 95% CI = 25.2-41.5%)
of 129 capillary blood samples, respectively (Table 2). As
expected, IgA detection was slightly delayed compared with
IgM detection, and both antibodies were less frequently
detected during the acute phase of the disease. Indeed,
only 35% (27/77; 95% CI = 24.4-45.7%) and 6.4% (5/77,
95% CI =2.9-12%) of the samples collected between day 2
and day 4 scored positive for IgM and IgA, respectively
(Table 2). During the early convalescent phase of the disease,
IgM and IgA antibodies were detected in 92.3% (48/52; 95%
CI = 85.1-99.5%) and 73.1% (38/52; 95% CI = 61-85.1%) of
the samples (Table 2). Importantly, none of the patients was
positive for IgA and negative for IgM throughout the course
of the disease. Four DENV-1-infected patients consistently
scored negative for dengue IgA antibodies until day 6 of the
disease. However, these patients were positive for NS1 anti-
gen, which was associated with the presence of IgM anti-
bodies on day 5 (two cases) or day 6 (two cases) of the
disease. In addition, based on the results obtained from
102 capillary blood samples of 17 dengue-negative patients,
the specificity of the dengue IgM and IgA antibodies in the
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TABLE 2

Detection of IgM and IgA antibodies in capillary blood samples from 26 positive dengue patients during the course of the disease

Days after onset of disease Positive IgM Positive IgA
Day 2 2/26;7.7% (1.5-21) 0/26; 0% (0-11)
Day 3 9/25;36% (22.5-52.2) 1/25; 4% (0.2-16.8)
Day 4 16/26; 61% (42.8-80.2) 4/26;15.4% (6-29.6)
Sensitivity in acute phase 27/77;35% (24.4-45.7) 5/77; 6.4% (2.9-12)
Day 5 21/25; 84%(69.6-98.4) 15/25; 60% (40.8-79.2)
Day 6 20/20; 100% (86.5-100) 16/20; 80% (62.5-97.5)
Day 7 717, 100% (65.2-100) 7/7,100% (65.2-100)

Sensitivity in convalescent phase
Opverall sensitivity

48/52;92.3% (85.1-99.5)
75/129; 58.1% (49.6-66.7)

38/52;73.1% (61-85.1)
43/129; 33.3% (25.2-41.5)

capillary compartment was 100%. Figure 1 illustrates the
observed kinetics of these three biological markers of dengue
infection during the course of disease.

Between day 4 and day 7 of the disease, many patients
present with clinical complications, and it is well-known that
none of these biological markers are sensitive enough to allow
dengue diagnosis from venous samples. Surprisingly, the sen-
sitivity of NS1 testing from dried capillary samples collected
between day 4 and day 7 ranged from 85% to 100% (mean =
94%; 73/78). More importantly, the combination of the results
obtained with the three biological markers in capillary sam-
ples collected during this critical clinical phase of the disease
allowed dengue to be diagnosed in 100% of the patients.

DISCUSSION

The re-emergence of dengue fever worldwide and the con-
comitant increase in the severity of reported cases underline
the need for sensitive and adapted tools for the diagnosis and
management of suspected dengue patients. Such tools would
also be valuable for surveillance and epidemiological investi-
gations. We previously showed the usefulness of collecting
capillary blood samples in the field for dengue diagnosis and
epidemiological purposes—the simplicity of sample collection
and shipment from remote areas and the possibility of using
routine techniques for dengue diagnosis.'*'® However, the
kinetics of biological markers of dengue infection, such as
NS1 antigen, IgM, and IgA, in the capillary compartment
had not been assessed during the time course of the disease.
This issue is especially important, because none of these bio-
logical markers are sensitive enough in venous samples to
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Ficure 1. Kinetics of NS1 antigen and dengue IgM and IgA anti-
bodies in capillary blood samples over the course of disease.

diagnose dengue infection during the period of defervescence
(days 4-7) frequently associated with clinical complications.*

First, we observed a high overall performance of the NS1
antigen detection in the capillary blood samples from dengue-
infected patients over the course of the disease, with 96%
sensitivity (95% CI = 88.3-100%) and 100% specificity. During
the acute phase of disease, the sensitivity was 98.7%. These
results are consistent with studies performed on venous sam-
ples during the same phase of dengue disease.®**'"** Second,
we show here that this technique also exhibits a good sensitivity
(92.3%) with capillary samples collected during the early con-
valescent phase of the disease. Although some studies have
already reported the possibility of detecting the viral protein
NSI1 in venous samples after the acute phase of the disease, the
sensitivities were lower than those sensitivities reported with
capillary blood samples.** In particular, we noted a very high
proportion of NS1 antigen-positive samples (24/25; 96%; 95%
CI = 88.3-100% ) among those samples collected on day 5 of
the disease, which corresponds to a blind window for diagnosis
with venous samples. Indeed, both direct and indirect methods
exhibit a low sensitivity during this period.”” This blind window
is a major issue, because this period is also frequently associ-
ated with clinical complications, including vascular leakage.?
Altogether, our results strongly suggest that tests with capil-
lary samples may outperform tests with venous samples.

Previous studies have suggested that the presence of pre-
existing circulating anti-NS1 antibodies during secondary
infections may explain the apparent lower sensitivity of NS1
antigen detection assays with venous samples.?!?>2%% In
the present study, we provide serological evidence that all
infected patients were secondary dengue cases, which could
be expected, because dengue infection is endemic in Vietnam.
Nevertheless, contrary to previous studies,?’ %' our results
suggest that the sensitivity of NS1 detection assays is not
significantly affected by the immune status of the patient,
which is in agreement with a previous work by Castro-Jorge
and others.* This finding may be because of higher viremia in
our cohort or alternatively, the accumulation of NS1 at the
endothelium surface of the capillary compartment, which was
suggested in the work by Avirutnan and others.* Finally, we
did not observe any significant difference in the detection of
NS1 antigen according to dengue serotype, which was previ-
ously described with venous samples.?>*>%33 However, this
conclusion has to be taken with caution because of the unequal
distribution of the DENV serotypes in our study (only one
DENV-4 patient and only four DENV-1 and DENV-4
coinfected patients).

Specific IgM and IgA antibodies in capillary samples were
also sensitive markers of dengue infection from day 5, when the
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detection rates were 92.3% for IgM and 73% for IgA. As
previously reported in venous samples, dengue IgM anti-
bodies are detected earlier than dengue IgA antibodies
(Figure 1).'! Our study confirms that anti-dengue IgA may
also be a useful marker of dengue infection in capillary blood
samples.'"'>** However, our results raise important questions
regarding this assay. Indeed, IgA could not be detected in
four patients infected by DENV-1 serotype, suggesting that
the sensitivity of the IgA detection assay in capillary samples
may depend on the virus serotype. This finding is in agree-
ment with the finding in the work by de la Cruz Hernandez
and others,> which also reported an impact of DENV sero-
type on the sensitivity of IgA detection assay. Thus, additional
studies are required to address this issue.

To our knowledge, this study is the first descriptive study
that evaluates the kinetics of three dengue biological markers
in the capillary compartment of dengue-confirmed patients
over the course of the disease. We confirmed that analysis
of capillary blood on filter paper is a very convenient and
effective approach to diagnose dengue infection; it would be
particularly valuable in remote areas, where diagnostic infra-
structures are limited. Strikingly, the results obtained between
day 4 and day 7 and particularly, on day 5 of the disease,
which is considered to be a critical clinic phase, showed
the value of tests using capillary blood; during this period,
most patients scored negative if venous samples are tested.
Nevertheless, our study presents some limitations: the num-
ber of samples was small, our study did not include primary
dengue patients, which would have allowed analysis of the
influence of dengue immune status on the kinetics of the
biological markers, and venous samples were not tested in
parallel. Additional work is, therefore, needed to confirm
these promising results.
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