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Abstract

Background: Rapid diagnostic tests (RDTs) have been commercialized in order to help physicians in dengue
diagnosis. Until recently, only blood samples were used for those tests but it has been shown in several studies that
urine and saliva can also be employed for dengue diagnosis. RDTs for the detection of NS1 antigen and
anti-dengue IgG, IgM and IgA in urine and saliva specimens have thus been developed by Standard Diagnostics.
The aim of this study was to evaluate the performances these new commercial assays.

Methods: Two panels of clinical specimens were used: one for the evaluation of the NS1-detection devices and the
second for the evaluation of the antibody-detection kits. Each panel consisted of urine and saliva specimens
collected sequentially from 86 patients with a confirmed dengue infection. A total of 291 saliva and 440 urine
samples were included in the NS1-evaluation panel and 530 saliva and 528 urine specimens constituted the
antibody-evaluation panel. All samples were tested in parallel by in-house ELISAs and by the commercial RDTs.

Results: The RDTs demonstrated an overall sensitivity of 15.5 %/27.9 %/10.7 % for NS1/IgG/IgA detection in urine
samples and 204 %/ 34.8 %/11 %/6.2 % for NS1/1gG/IgM/IgA detection in saliva samples. Compared to the
in-house NS1 ELISA, the results obtained with the NST RDT demonstrated a good correlation with urine samples
(kappa coefficient: 0.88) but not with saliva specimens (kappa coefficient: 0.28). RDTs designed for antibody
detection in saliva and urine were extremely specific (100 %), but less sensitive than the in-house ELISAs (i.e,,
reduction of the overall sensitivity by 12.2 % for the RDT designed for IgG detection in urine and by 23.7 % for the
RDT detecting anti-DENV IgM in saliva). IgM were not detected in urine, either by RDT or ELISA.

Conclusions: Although the RDTs evaluated here offer an apparently attractive approach for dengue diagnosis, this
study suggests that these new commercial kits would require further improvement to increase the sensitivity.
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Background

Dengue is the most common arboviral disease world-
wide, with almost 130 countries of tropical or subtrop-
ical regions for which there is good evidence of dengue
occurrence [1]. Dengue illness begins with undifferenti-
ated symptoms, common to several other infectious
diseases such as malaria, influenza or other arboviral
diseases. After a few days, most patients begin to recover
but some progress to severe hemorrhagic disease forms
that can result in death without proper medical care.
Early clinical management based on accurate rehydra-
tion can prevent life-threatening complications [2].
Hence, the need for an early diagnosis of dengue
infection.

Direct diagnosis of dengue is based on dengue virus
(DENV) isolation, or detection of the viral genome or
NS1 antigen. Indirect diagnosis using serological
methods to detect anti-DENV IgM and IgG is com-
monly employed. Anti-DENV IgA are also detectable
during a DENV infection but tests to detect this
immunoglobulin isotype are not often used in routine
diagnosis [3-5]. Rapid diagnostic tests (RDTs) for NS1
and anti-DENV antibody detection in blood have been
developed in order to help physicians make rapid and
informed decisions about adapted clinical management.
Until recently, only blood samples were used for dengue
diagnosis but it has been shown in several studies that
urine and saliva can also be employed [6-11].

Standard Diagnostics (SD; Kyonggi-do, South Korea)
has developed RDTs able to detect markers of dengue
infection in urine and saliva specimens. They designed a
NS1 RDT, a combined anti-DENV IgM/IgG RDT and an
anti-DENV IgA RDT adapted for testing both urine and
saliva clinical specimens. The aim of this study was to
evaluate the performances of these diagnostic tools. The
results obtained with the RDTs were compared with
those of in-house ELISAs.

Methods

Clinical samples

Two panels of clinical specimens were used: the first one
for the evaluation of the NS1 test and the second for the
antibody detection assays. Each panel consisted of urine,
saliva and plasma specimens collected sequentially from
86 patients with a confirmed dengue infection. A con-
firmed dengue case was defined by the detection of viral
RNA by RT-PCR and/or the detection of the NS1 pro-
tein and/or an IgM seroconversion and/or a fourfold
antibody titer increase measured by hemagglutination
inhibition assay (HIA) in paired plasma of patients
presenting with symptoms suggestive of a dengue infec-
tion. Fifty patients presented with mild symptoms
defined by the 1997 WHO criteria as classical dengue
fever (DF) and 36 patients experienced severe symptoms
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compatible with the diagnostic of dengue hemorrhagic
fever (DHF) or dengue shock syndrome (DSS) [12]. The
immune status of 73 patients was determined by HIA:
24 patients experienced a primary infection whereas 49
had a secondary infection. The NS1 panel consisted of
samples collected during hospitalization (i.e., from day 1
to 12 after onset of fever), whereas samples collected
during a weekly follow-up until three months after
discharge were also included in the second panel
designed for the evaluation of the antibody-detection
RDTs. Four to ten urine and saliva specimens and two
to five plasma samples obtained from each patient were
included in these panels. A total of 241 plasma, 291
saliva and 440 urine samples were included in the NS1-
evaluation panel and 292 plasma, 530 saliva and 528
urine specimens constituted the antibody-evaluation
panel. The samples of the antibody panel were classified
into three categories based on whether the correspond-
ing plasma sample collected at the same time point was
weakly, averagely or highly positive in antibody based on
the optical density (OD) measured by ELISA. Similarly,
the samples included in the NS1 panel were classified
into weakly, averagely or highly positive based on the
concentration of NS1 measured by ELISA in the corre-
sponding plasma specimen. The NS1 quantification was
only performed for samples obtained from patients in-
fected by a virus from serotype 1 (DENV-1) as only
quantified recombinant NS1 protein from DENV-1 was
available in our laboratory. The three categories were de-
fined arbitrarily by calculating the 1°* and 3™ quartile of
300 OD/concentration values of antibodies and NSI1
protein obtained with 300 positive plasma samples.
Weakly, averagely and highly positive plasma samples
corresponded to samples with a result lower than the 1*
quartile, between the 1°* and the 3" quartile and greater
than the 3™ quartile, respectively. Twenty-five speci-
mens obtained from healthy controls recruited during a
community-based study were also added to the panels in
order to assess the specificity. These negative controls
were obtained from household members of some of the
patients identified during the hospital-based study and
who did not experience any symptoms and had no bio-
logical evidence of DENV infection (DENV RT-PCR
negative, NS1 RDT negative and absence of HI
antibody).

In-house ELISAs

The RDTs evaluated in this study were compared to in-
house ELISAs and we will refer to them as “Institut
Pasteur Cambodia (IPC) ELISAs” throughout the manu-
script. A capture ELISA was used to detect NSI in
plasma, urine and saliva. Anti-DENV IgG were detected
in plasma, urine and saliva by an indirect ELISA whereas
anti-DENV IgM and IgA were detected by capture
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ELISAs (MAC-ELISA and AAC-ELISA, respectively).
These ELISAs and their performances were previously
described in detail by Andries et al. [11].

Rapid diagnostic tests

In this study, prototype immunochromatographic Kkits
developed by Standard Diagnostics for NS1 and anti-
DENV IgG, IgM and IgA detection were evaluated.
Anti-DENV IgG and IgM were detected by the same de-
vice, whereas NS1 and anti-DENV IgA were detected by
two other distinct devices. Each kit was either designed
for saliva or urine specimen analysis. The characteristics
of the six different devices are summarized in the
Additional file 1. All tests were strictly performed
according to the manufacturer’s instructions provided
with the kits.

Statistical analysis

Statistical analysis was performed using STATA version
11.0 (StataCorp, USA). Significance was assigned at P < 0.05
for all parameters and were two-sided. Uncertainty was
expressed by 95 % confidence intervals (CI95). Statistical
differences between various categorical groups were de-
tected using McNemar's test. Agreement between IPC ELI-
SAs and RDTs was measured by agreement percentage and
kappa coefficient.

Results

DENV NS1 RDTs

A specificity of 100 % (25/25) was obtained for the NS1
RDT in urine, whereas the specificity of the saliva-based
RDT was 84 % (21/25).

The RDT and the IPC ELISA detected NS1 in 15.5 %
(68/440, CI95=[12.2-19.2]) and 14.3 % (63/440, CI95
=[11.2-17.9]) of the urine samples, respectively. The
agreement between the two urine-based tests was 97.1 %
with a kappa coefficient of 0.88 (Additional file 2a). The
NS1 RDT and ELISA tested positive in 20.4 % (59/289,
CI95 = [16.2-25.9]) and 24.7 % (72/291, CI95 =[19.9-
30.1]) of the saliva specimens, respectively. An agree-
ment of 74.0 % was obtained between both tests with a
kappa coefficient of 0.28 (Additional file 2b). Two saliva
samples were excluded because an invalid result (no

Table 1 Detection rate of NS1 in urine and saliva samples
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control line) was obtained with the RDT. In total, 66 %
(159/241, CI95 = [59.6-71.9]) of the plasma samples col-
lected at the same time points from the same dengue-
confirmed patients as the urine and saliva specimens
tested positive by NS1 IPC ELISA.

The NS1 detection rate by ELISAs and RDTs was
systematically higher in urine and saliva samples ob-
tained from patients with high NS1 concentration in the
plasma specimens obtained at the same time points
(Table 1).

The sensitivity of urine- and saliva-based NS1 tests
was highest in samples collected 4—7 days after the onset
of fever (DAOF) from patients experiencing a primary
infection (Table 2). IPC ELISA and RDT demonstrated
both a maximal sensitivity for NS1 detection of 21.5 %
(17/79, CI95=[13.1-32.2]) in the urine samples col-
lected during the 4 to 7 first days of the disease in pa-
tients experiencing a primary infection. A sensitivity of
46.7 % (28/60, CI95 = [33.7-60]) was observed with the
saliva-based IPC ELISA whereas the RDT’s sensitivity
only reached a maximum of 33.9 % (20/59). In compari-
son, 93.9 % (31/33, CI95=[79.8-99.3]) of the plasma
collected at DAOF 4-7 from the same patients experien-
cing a primary infection tested positive for NS1.

Anti-DENV antibody RDTs

All 25 urine and 25 saliva samples obtained from the
healthy controls tested negative for IgG, IgM and IgA by
RDTs.

Anti-DENV IgG were detected in 27.9 % (145/520,
CI95 = [24.1-32]) and 40.4 % (210/520, CI95=[36.1—
44.7]) of the urine samples by RDT and IPC ELISA, re-
spectively. An agreement of 86.7 % was obtained
between the two assays and the kappa coefficient was
0.71 (Additional file 2c).

A total of 10.7 % (56/522, CI95=[8.2-13.7]) and
272 % (142/522, CI95=[23.4-31.2]) of the urine
samples tested positive by RDT and IPC ELISA for anti-
DENV IgA detection. Results were concordant for
81.2 % of the urine specimens with a kappa coefficient
of 0.42 (Additional file 2d).

The sensitivity of IgG and IgA antibody detection in
urine by the ELISAs was significantly higher than the

Urine Saliva

IPC NST capture ELISA NS1T RDT IPC NST capture ELISA NS1 RDT
Weakly positive plasma 10.3 % (3/29) 10.3 % (3/29) 13.3 % (2/15) 20 % (3/15)
Averagely positive plasma 16.7 % (9/54) 16.7 % (9/54) 485 % (16/33) 182 % (6/33)
Highly positive plasma 50 % (17/34) 50 % (17/34) 64.7 % (11/17) 47.1 % (8/17)
p-value ° <0.001 <0.001 0.011 0.094

The detection rates of NS1 in urine and saliva samples are presented according to the NS1 level in the corresponding plasma samples
@ Comparison of NS1 positive rate in urine or saliva from patients whose corresponding plasma tested weakly, averagely or highly positive by NS1 ELISA
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Table 2 Sensitivity of the different diagnostic tools for NST detection in plasma, urine and saliva
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Total Primary infection Secondary infection

Plasma ELISA All samples 66 % (159/241) 95.7 % (66/69) 51.1 % (69/135)
DAOF =3 944 % (67/71) 100 % (29/29) 88.6 % (31/35)
DAOF 4-7 66.7 % (82/123) 93.9 % (31/33) 514 % (36/70)
DAOF 8-12 21.3 % (10/47) 85.7 % (6/7) 6.7 % (2/30)

Urine ELISA All samples 14.3 % (63/440) 183 % (23/126) 8.1 % (20/246)
DAOF £3 9.9 % (8/81) 15.6 % (5/32) 24 % (1/41)
DAOF 4-7 19.2 % (52/271) 21.5% (17/79) 12.3 % (19/154)
DAOF 8-12 34 % (3/88) 6.7 % (1/15) 0% (0/51)

Urine ROT All samples 15.5 % (68/440) 18.3 % (23/126) 10.6 % (26/246)
DAOF <3 11.1 % (9/81) 15.6 % (5/32) 49 % (2/41)
DAOF 4-7 21 % (57/271) 215 % (17/79) 15.6 % (24/154)
DAOF 8-12 2.3 % (2/88) 6.7 % (1/15) 0 % (0/51)

Saliva ELISA All samples 24.7 % (72/291) 43.5 % (37/85) 15.5 % (27/174)
DAOF <3 25.5% (12/47) 412 % (7/17) 19.2 % (5/26)
DAOF 4-7 29.9 % (55/184) 46.7 % (28/60) 194 % (21/108)
DAOF 8-12 8.3 % (5/60) 25 % (2/8) 2.5 % (1/40)

Saliva RDT All samples 20.8 % (60/289) ° 31 % (26/84) ° 162 % (28/173) °
DAOF £3 149 % (7/47) 23.5 % (4/17) 11.5 % (3/26)
DAOF 4-7 25.7 % (47/183) @ 33.9 % (20/59) ° 194 % (21/108) °
DAOF 8-12 10.2 % (6/59) ° 25 % (2/8) 103 % (4/39) °

The sensitivity of the different diagnostic tools for NS1 detection in plasma, urine and saliva of DENV-infected patients is presented according to the time of

sampling after the onset of the fever and the immune status of the patients
DAOF Day After Onset of Fever

@ One invalid result

® Two invalid results

sensitivity of the RDTs (McNemar p-value <0.001 for
IgG and IgA).

Anti-DENV IgM were not detected in urine speci-
mens, either by RDT or by IPC ELISA.

The overall detection rates of anti-DENV IgG, IgM
and IgA in saliva samples were respectively 34.8 % (181/
520, CI95 =[30.7-39.1]), 11 % (57/520, CI95 = [8.4—14])
and 6.2 % (32/520, CI95 = [4.2-8.6]) with the RDTs, and
51.5 % (268/520, CI95 =[47.1-55.9]), 34.8 % (181/520,
CI95 = [30.7-39.1]) and 22.7 % (118/520, CI95 =[19.2—
26.5]) with IPC ELISAs. Percentages of agreement be-
tween RDTs and IPC ELISAs for IgG, IgM and IgA de-
tection in saliva were 81 %, 75.8 and 82.3 %, respectively.
The corresponding kappa coefficients were 0.62, 0.36
and 0.32 (Additional file 2e, f and g). Saliva-based ELI-
SAs were significantly more sensitive than saliva-based
RDTs (McNemar p-value <0.001 for all antibodies).

In comparison, IPC ELISAs for IgG, IgM and IgA
detection in the plasma specimens obtained at the same
time point from the same patients demonstrated sensitiv-
ities of 53.3 % (152/285, CI95 = [47.4-59.2]), 34.6 % (97/
280, CI95=[29.1-40.5]) and 40.1 % (116/289, CI95
= [34.4—46)), respectively. The antibody detection rates ob-
tained in plasma samples by IPC ELISAs were significantly

higher than those obtained in saliva and urine specimens
by RDTs and IPC ELISAs (McNemar p-value <0.001 for all
parameters).

For each of the three different antibody isotypes, there
was a direct relationship between the level of antibodies
in the plasma samples and the percentage of positive
urine and saliva samples tested by IPC ELISAs and RDTs
(Table 3). The higher the level of antibodies was in the
plasma sample, the higher the probability was for the
corresponding urine or saliva specimen to test positive.

The IgG saliva-based tests performed better with sam-
ples collected between DAOF 8-43. The RDT reached a
maximum sensitivity of approximately 60 % (61.5 % at
DAOF 8-14; 59.6 % at DAOF 15-28; 57.1 % at DAOF
29-43) and the IPC ELISA a sensitivity of 78 % (79.5 %
at DAOF 8-14; 78.9 % at DAOF 15-28; 75.7 % at DAOF
29-43) (Table 4). A total of 85 % of the plasma samples
collected between DAOF 8-43 tested positive. Three
months after the onset of fever, the sensitivity dropped
to 55.9 % with the saliva-based ELISA and 8.8 % with
the saliva-based RDT, whereas IgG were detected in
66.7 % of the corresponding plasma specimens (Table 4).
The sensitivity of the IPC and RDT IgG urine-based
tests peaked at DAOF 8-14 (ELISA: 71.8 %, RDT:
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Table 3 Detection rate of antibodies in urine and saliva samples

Urine Saliva

IPC ELISA RDT IPC ELISA RDT

I9G Weakly positive plasma
Averagely positive plasma
Highly positive plasma
p-value °

IgM Weakly positive plasma
Averagely positive plasma
Highly positive plasma
p-value °

IgA Weakly positive plasma
Averagely positive plasma
Highly positive plasma

p-value °

48.1 % (13/27)
50 % (41/82)
72.1 % (31/43)
0.041

0 % (0/25)

0 % (0/54)
0% (0/18)

1

18.2 % (6/33)
50 % (31/62)
100 % (21/21)
<0.001

29.6 % (8/27)
36.6 % (30/82)
62.8 % (27/43)
0.006

0 % (0/25)

0 % (0/54)
0% (0/18)

0 % (0/33)
274 % (17/62)
714 % (15/21)
<0.001

481 % (13/27)
744 % (61/82)
93 % (40/43)
<0001

40 % (10/25)
83.3 % (45/54)
100 % (18/18)
<0001

12.1 % (4/33)
62.3 % (38/61) °
81 % (17/21)
<0001

296 % (8/27)
4838 % (40/82)
674 % (29/43)
0008

8 % (2/25)
222 % (12/54)
444 % (8/18)
0019

0% (0/33)
13.1 % (8/61) ©
23.8 % (5/21)
0021

The detection rates of antibodies in urine and saliva samples are presented according to the level of the immunoglobulin in the corresponding plasma samples
@ Comparison of antibodies positive rate in urine or saliva from patients whose corresponding plasma tested weakly, averagely or highly positive for the

same biomarker
® One invalid result

62.8 %). Then, the sensitivity of the ELISA and the rapid
test decreased gradually. At DAOF 90-103, only 12.1

24.4 %, respectively, whereas 81 % of the corresponding

plasma
(Table 4).

samples

tested positive

MAC-ELISA

and 3 % of the urine samples still tested positive by
ELISA and RDT, respectively (Table 4).

The second week after the beginning of the disease
was the optimal time to detect IgM in both saliva and
plasma samples. The IgM detection rates in saliva sam-
ples by ELISA and RDT reached a maximum of 69.2 and

All IgA tests demonstrated a maximal sensitivity at
DAOF 8-14 (saliva: 64.4 % with ELISA and 17.1 % with
RDT; urine: 67.1 % with ELISA and 31.6 % with RDT;
plasma ELISA: 90.5 %). No positive results were ob-
tained with RDTs at DAOF 29-43 whereas 5.4 % of the

Table 4 Sensitivity of the different diagnostic tools for IgG, IgM and IgA detection

DAOF (Day after onset of fever)

15-28

29-43

90-103

Total

1-3 4-7 8-14
Plasma ELISA  1gG 38 % (2/53) 482 % (54/112)  85.7 % (36/42)
IgM 39% (2/51) 490 % (55/112) 81 % (34/42)
IgGorlgM 82 % (4/49) 64 % (71/111) 100 % (42/42)
IgA 38 % (2/53) 47 % (54/115) 90.5 % (38/42)
Saliva ELISA [e]€} 54 % (3/56) 382 % (86/225)  79.5 % (62/78)
IgM 36 % (2/56) 444 % (100/225)  69.2 % (54/78)
IgGorlgM 89 % (5/56)  56.9 % (128/225)  92.3 % (72/78)
IgA 0% (0/57) 248 % (55/222) 644 % (49/76)
Saliva RDT I9G 0 % (0/56) 24.9 % (56/225) % (48/78)
IgM 0 % (0/56) 15.6 % (35/225) 244 % (19/78)
lgGorIgM 0 % (0/56) 32 % (72/225) 705 % (55/78)
IgA 18% (1/57) 8.1 % (18/222) 17.1 % (13/76)
Urine ELISA I9G 33 % (2/61)  41.3 % (93/225) % (56/78)
IgA 0% (0/61) 257 % (58/226)  67.1 % (53/79)
Urine RDT I9G 0% (0/61) 258 % (58/225)  62.8 % (49/78)
IgA 0% (0/61) 11.5 % (26/226) 6 % (25/79)

NA

NA

NA

NA

789 % (45/57)
35.1 % (20/57)
94.7 % (54/57)
18.2 % (10/55)
59.6 % (34/57)
3.5 % (2/57)
614 % (35/57)
0 % (0/55)
58.5 % (31/53)
50.9 % (27/53)
45.3 % (24/53)
94 % (5/53)

84.4 % (38/45)
13.6 % (6/44)
82.9 % (34/41)
404 % (19/47)
75.7 % (53/70)
7.1 % (5/70)
77.1 % (54/70)
54 % (4/74)
57.1 % (40/70)
14 % (1/70)
57.1 % (40/70)
0% (0/74)
34.3 % (24/70)
5.7 % (4/70)
186 % (13/70)
0 % (0/70)

66.7 % (22/33)
0 % (0/31)
786 % (22/28)
94 % (3/32)
55.9 % (19/34)
0 % (0/34)
55.9 % (19/34)
0 % (0/36)
8.8 % (3/34)
0% (0/34)
8.8 % (3/34)
0 % (0/36)
12.1 % (4/33)
0 % (0/33)
3% (1/33)
0% (0/33)

53.3 % (152/285)
34.6 % (97/280)
63.8 % (173/271)
1% (116/289)
51.5 % (268/520)
34.8 % (181/520)
63.8 % (332/520)
22.7 % (118/520)
34.8 % (181/520)
11 % (57/520)
394 % (205/520)
6.2 % (32/520)
404 % (210/520)
27.2 % (142/522)
27.9 % (145/520)
10.7 % (56/522)

The sensitivity of the different diagnostic tools for IgG, IgM and IgA detection in plasma, urine and saliva is presented according to the time of sampling after the

onset of fever

DAOF Day After the Onset of Fever, NA no sample available
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saliva, 5.7 % of the urine and 40.4 % of the plasma sam-
ples tested positive by IPC ELISA. Three months after
the onset of fever, anti-DENV IgA were not detected by
saliva- and urine-based tests but 9.4 % of the plasma
samples still tested positive (Table 4).

Regardless of the diagnostic test, ELISA or RDT, and
the biological fluid tested, the detection rates of anti-
DENV IgG and IgA isotypes were higher in samples
collected from patients experiencing a secondary infec-
tion (Table 5). With IPC and RDT tests designed for
IgM detection in saliva and in plasma, no significant
differences were observed between primary and second-
ary infections (Table 5).

The antibody RDT was designed to concomitantly de-
tect anti-DENV IgM and IgG. The combination of IgM
and IgG results allowed an increase of the overall diag-
nostic sensitivity in saliva from 34.8 % with the IgG re-
sults alone to 39.4 % when both IgG and IgM were
tested. This improvement in sensitivity was best for sam-
ples collected at DAOF 8-14 (9 % increase) and DAOF
4-7 (7.1 % increase). In comparison, 63.8 % of the
plasma samples tested positive for dengue when IPC
MAC-ELISA and IPC IgG indirect ELISA results were
combined (Table 4).

Discussion

The epidemiology of dengue is very dynamic both in
terms of geographical spread and intensity. Transmission
is emerging or reemerging in areas where the disease
was absent and it is also intensifying in some regions
where dengue was already endemic, with both an in-
crease in the number of cases and an increase in severity
of the disease [13]. This dramatic increase in the global
burden of dengue has lead to the willingness to develop
easy tools for the disease diagnosis, to help in the early
detection of new epidemics and assist physicians to pro-
vide accurate treatment and management of patients as
early as possible. The ability to rapidly confirm acute
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dengue infection for patients presenting to a clinical set-
ting could also avoid the unnecessary use of antibiotics
and other drugs.

Saliva and wurine specimens provide interesting
advances for dengue diagnosis as their collection is non-
invasive and thus well accepted by patients. In addition,
it does not require medically-trained staff and the sam-
ples are easy to process as it does not require on-site
laboratory for centrifugation. In a previous study, we
demonstrated that urine and saliva samples were inter-
esting alternatives to venous blood specimens for dengue
diagnosis in all situations when blood collection was
difficult [11]. In this recent study, in-house ELISAs for
NS1 antigen and anti-DENV antibodies detection were
developed to assess the value of urine and saliva speci-
mens for dengue diagnosis. We showed that antibody
detection in saliva and urine was useful for instances
such as outbreak investigations or in young children, in
addition to the all situations when blood could not be
easily collected (e.g., lack of phlebotomist, refusal of pro-
cedure, etc.). Good salivary- and urinary-based RDTs
could be valuable tools for dengue diagnosis as they
combine easy sampling methods with rapid, equipment-
free testing. Such kits could be used by nurses, at the pa-
tient’s bedside, in hospital settings but also by general
practitioners in private clinics or by epidemiologists dur-
ing outbreak investigations and field studies.

Some oral fluid RDTs have already been marketed for
viral infection diagnosis. One immunochromatographic
assay designed for anti-hepatitis C virus (HCV) antibody
detection in saliva and at least two anti-human immuno-
deficiency virus (HIV) antibody detection kits have been
commercialized. The anti-HCV antibodies device
showed very good performances [14, 15] and seemed to
be an interesting tool for field work with people at risk
of HCV infection [16, 17]. The anti-HIV antibody oral
fluid devices also demonstrated good performances but
slightly lower than RDTs used for antibody detection in

Table 5 Sensitivity of the different tools for IgG, IgM and IgA detection

Plasma Saliva Urine
IPC ELISA IPC ELISA RDT IPC ELISA ROT
I9G Primary 16.1 % (13/81) 13.2 % (19/144) 8.3 % (12/144) 5.6 % (8/143) 1.4 9% (2/143)
Secondary 72.9 % (124/170) 68 % (208/306) 48 % (147/306) 56.8 % (171/301) 39.2 % (118/301)
p-value ° <0.001 <0.001 <0.001 <0.001 <0.001
IgM Primary 31.2 % (24/77) 33.3 % (48/144) 11.1 % (16/144) 0 % (0/143) 0% (0/143)
Secondary 37.1 % (62/167) 34 9% (104/306) 7.5 % (23/306) 0% (0/301) 0 % (0/301)
p-value ° 0.365 0.891 0.206 1 1
IgA Primary 12.7 % (10/79) 2.9 % (4/140) 2.1 % (3/140) 4.2 % (6/143) 4.2 % (6/143)
Secondary 532 % (91/171) 30.5 % (92/302) 6.6 % (20/302) 385 % (116/301) 14.3 % (43/301)
p-value ° <0.001 <0.001 0.049 <0.001 0.002

The sensitivity of the different tools for IgG, IgM and IgA detection in plasma, urine and saliva is presented according to the patients’ immune status

@ Comparison of sensitivity between primary and secondary infection
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blood [18-20]. There is currently no rapid test designed
for the diagnosis of viral infection in urine but good
RDTs have been developed for bacterial antigen detec-
tion in urine, e.g., for Legionella pneumophila serogroup
1 and Streptococcus pneumoniae [21-23]. A rapid immu-
nochromatographic test for Plasmodium falciparum
HRP2 antigen detection in urine is currently in clinical
development and a preliminary evaluation reported a
sensitivity of 83.8 % compared to blood smear micros-
copy, with a lower sensitivity in urine from patients with
a low parasitemia [24].

This study was the first evaluation of rapid diagnostic
tests designed by the Standard Diagnostics company to
detect NS1 antigen and anti-DENV IgG, IgM and IgA in
urine and saliva specimens. The present study demon-
strates differing performances of these kits in compari-
son to the in-house ELISAs that we previously
developed. The RDT designed for the detection of NS1
in saliva lacked sensitivity and specificity compared to
the in-house ELISA, resulting in a very low kappa coeffi-
cient (0.28). The results obtained by the NS1 RDT with
urine specimens were close to those observed with our
ELISA with sensitivities of 15.5 and 14.3 %, respectively,
and a kappa coefficient of 0.88. The slightly better per-
formance observed with the RDT in comparison to the
ELISA can be explained by a reduced sensitivity of the
IPC in-house ELISA for the detection of NS1 protein
from serotype 2 dengue viruses. Indeed all of the nine
urine samples that tested positive with the RDT but
negative with IPC ELISA (Additional file 2a) were ob-
tained from patients infected by DENV-2. The reduced
specificity observed with the RDT in saliva specimens
could be a consequence of a non-specific adhesion of
the detector colloidal particles, which are referred to as
conjugates, to the nitrocellulose membrane. This
phenomenon has been described with saliva but not with
other body fluids. Indeed, mucin and other protein-
aceous and viscous substances present in high concen-
tration in saliva are believed to adhere to the membrane
and aggregate with the conjugates causing non-specific
reaction [25].

The IgG RDT demonstrated a good agreement, defined
by a kappa coefficient > 0.61 [26], with the in-house IgG
indirect ELISAs, in both saliva (kappa coefficient: 0.62)
and urine (kappa coefficient: 0.71) specimens. [gM and
IgA RDTs performed less well in both saliva and urine.
The agreement of these tests with the corresponding IPC
ELISAs was only fair (0.21 <kappa coefficient < 0.41) to
moderate (0.41 < kappa coefficient < 0.61). Sensitivities of
the RDT for IgM and IgA detection in saliva were lower
than 50 % even in patients with high levels of the corre-
sponding antibody isotype in the plasma specimens col-
lected at the same time-points. IgM levels peak in the
serum about two weeks after the onset of symptoms and
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then decline generally to undetectable levels over 2-3
months. Anti-dengue serum IgG is generally detectable at
low titres at the end of the first week of illness, increasing
slowly thereafter, with serum IgG still detectable after sev-
eral months, and probably even for life. During a second-
ary dengue infection IgG is detectable at high levels, even
in the acute phase, and persists for periods lasting from
10 months to life. Early convalescent stage IgM levels are
significantly lower in secondary infections than in primary
ones and may be undetectable in some cases, depending
on the test used. Combining IgM and IgG test therefore
offers the possibility to serologically detect a dengue infec-
tion during a larger window of time as well as during
some secondary infections when IgM are not detectable.
In addition, the comparison of IgM and IgG results distin-
guishes primary and secondary dengue infections [2]. As a
result, diagnostic kits combining both anti-dengue IgM
and IgG antibodies became increasingly popular. As previ-
ously described by Vasquez et al.,, anti-DENV IgM were
not found in urine, either by in-house ELISA or by RDT
[7]. The combination of IgG and IgM detection in the
same device was thus not useful to test urine samples. In
saliva specimens, the combination of IgM and IgG tests in
the same device provided a slight improvement of the
overall diagnostic sensitivity compared to the sensitivities
of IgG and IgM tests taken separately (39.8 % for the com-
bination, 35.2 % for IgG alone and 10.8 % for IgM tested
separately). Urine and saliva are biological fluids that con-
tain very low levels of antibodies compared to blood [27,
28]. It was estimated that the IgA, IgG and IgM levels in
saliva specimens were approximately 1/10, 1/800 and 1/
400 of those measured in serum [27]. RDTs designed by
SD company only required 5 pl of saliva and 10 ul of
urine. These volumes ensure correct performances of the
kits for the detection of anti-DENV antibodies in blood
[29, 30] but could be sub-optimal for the detection of anti-
bodies present in lower concentrations in other body
fluids. Indeed, Zhang et al. developed a rapid test for the
detection of anti-DENV IgG in saliva but this assay re-
quired a volume of 100 pl [25].

The high viscosity of some saliva specimens was a
interfering with the migration of the sample on the strip
test. Invalid results with RDTs were obtained because of
the non-appearance of the control line. The use of a di-
lution buffer enabling to reduce the saliva viscosity could
eventually prevent these migration issues as even a
freeze—thaw cycle that in theory should break down the
mucopolysaccharides responsible of the viscosity did not
provide any improvement.

This study has several limitations. Saliva and urine
samples were frozen for several months at —-80 °C before
the evaluation and it is not known if this process could
have altered the stability of the NS1 antigen or the anti-
bodies. Additionally, the performances of these diagnostic
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kits were not evaluated for all four dengue virus serotypes
as this study was conducted using well-characterized and
sequential clinical samples prospectively collected during
a DENV-1 epidemic, when the DENV-2 and DENV-4
were circulating at lower level and no DENV-3 was de-
tected. Specificity results should also be interpreted with
caution as they were generated from a limited number of
available negative controls. Moreover we used only sam-
ples from febrile, non-dengue patients to evaluate the spe-
cificity. Non-specific binding with the saliva RDTs might
have been more pronounced in these samples than it
would have been with samples from healthy individuals.

Conclusions

Although urine and oral fluid-based rapid diagnostic
tests offer an attractive apparent alternative option to
blood for dengue diagnosis, this evaluation suggests
that this first series of diagnostic tools developed by a
commercial company really need further improvement
especially in a context where the body fluids explored
are already known to perform less well compared to
blood specimens for the diagnosis of dengue [11]. As
for any other diagnostic test evaluation, additional in-
dependent study would be beneficial in order to pro-
vide a better overview of the performances of these
kits in different settings and epidemic situations.

Ethics and consent to participate

The study was approved by the National Cambodian Eth-
ics Committee for health research (authorization NECHR
28). A patient’s enrollment was subject to obtaining writ-
ten consent signed by the participant or by a legal repre-
sentative for participants under 16 years of age.

Consent to publish
Not applicable.

Availability of data and materials
All data can be made available upon request to the cor-

responding author.

Additional files

Additional file 1: Characteristics of the rapid diagnostic tests for NST,
anti-DENV 1gG/IgM and anti-DENV IgA detection in saliva and urine according
to the manufacturer's instructions. (PDF 87 kb)

Additional file 2: Concordance between RDTs and IPC ELISAs for NST,

anti-DENV IgG/IgM and anti-DENV IgA detection in saliva and urine.
(PDF 29 kb)

Abbreviations

DAOF: day after onset of fever; DENV: dengue virus; DENV
—1,-2,—3,—4: dengue virus serotype 1-4; ELISA: enzyme-linked
immunosorbent assay; IPC: Institut Pasteur in Cambodia; RDT: rapid
diagnostic test; SD: standard diagnostics.

Page 8 of 9

Competing interests
Philippe Buchy is currently a GSK employee.

Authors’ contributions

ACA designed the study, analyzed the data and drafted the manuscript. VD
SO and AS contributed to samples collection. ACA and SR performed the
laboratory analyses. PH and PD drafted the manuscript. PB designed the
project, supervised the analysis, interpreted the data and drafted the paper.
All authors read and approved the final manuscript.

Acknowledgements

We wish to thank the patients, doctors, nurses and all staff from participating
hospitals. We are also grateful to the staff of the virology and epidemiology
units of Institut Pasteur in Cambodia for their technical support.

Funding

The study was supported by Standard Diagnostics, Inc. The funders had no
role in study design; in the collection; analysis and interpretation of data; in
writing of the manuscript; or in the decision to submit the article for
publication. This research also received funding from the European Union
Seventh Framework Programme (FP7/2007/2011) under Grant Agreement
n°282 378.

Author details

Ynstitut Pasteur in Cambodia, International Network of Pasteur Institutes,
Virology Unit, Phnom Penh, Cambodia. ?Institut Pasteur, Functional Genetics
of Infectious Diseases Unit, Paris, France. *Centre National de la Recherche
Scientifique, Unité de Recherche Associée 3012, Paris, France.
“GlaxoSmithKline, Vaccines R&D, Singapore, Singapore.

Received: 13 November 2015 Accepted: 9 May 2016
Published online: 16 May 2016

References

1. Brady OJ, Gething PW, Bhatt S, Messina JP, Brownstein JS, Hoen AG, et al.
Refining the global spatial limits of dengue virus transmission by evidence-
based consensus. PLoS Negl Trop Dis. 2012;6:¢1760. doi:10.1371/journal.
pntd.0001760.

2. Special Programme for Research and Training in Tropical Diseases, World
Health Organization. Dengue: guidelines for diagnosis, treatment,
prevention, and control. New edth ed. Geneva: TDR: World Health
Organization; 2009.

3. Talarmin A, Labeau B, Lelarge J, Sarthou JL. Immunoglobulin A-specific
capture enzyme-linked immunosorbent assay for diagnosis of dengue fever.
J Clin Microbiol. 1998;36:1189-92.

4. Balmaseda A, Guzméan MG, Hammond S, Robleto G, Flores C, Téllez Y, et al.
Diagnosis of dengue virus infection by detection of specific
immunoglobulin M (IgM) and IgA antibodies in serum and saliva. Clin
Diagn Lab Immunol. 2003;10:317-22.

5. Nawa M, Takasaki T, Ito M, Inoue S, Morita K, Kurane I. Immunoglobulin A
antibody responses in dengue patients: a useful marker for serodiagnosis
of dengue virus infection. Clin Diagn Lab Immunol. 2005;12:1235-7.
doi:10.1128/CDLI.12.10.1235-1237.2005.

6. Balmaseda A, Saborio S, Tellez Y, Mercado JC, Pérez L, Hammond SN, et al.
Evaluation of immunological markers in serum, filter-paper blood spots, and
saliva for dengue diagnosis and epidemiological studies. J Clin Virol. 2008;
43:287-91. doi:10.1016/jjcv.2008.07.016.

7. Vézquez S, Cabezas S, Pérez AB, Pupo M, Ruiz D, Calzada N, et al. Kinetics of
antibodies in sera, saliva, and urine samples from adult patients with
primary or secondary dengue 3 virus infections. Int J Infect Dis. 2007;11:
256-62. doi:10.1016/].ijid.2006.05.005.

8. Chuansumrit A, Chaiyaratana W, Tangnararatchakit K, Yoksan S, Flamand M,
Sakuntabhai A. Dengue nonstructural protein 1 antigen in the urine as a
rapid and convenient diagnostic test during the febrile stage in patients
with dengue infection. Diagn Microbiol Infect Dis. 2011;71:467-9.
doi:10.1016/j.diagmicrobio.2011.08.020.

9. Korhonen EM, Huhtamo E, Virtala A-MK, Kantele A, Vapalahti O. Approach to
non-invasive sampling in dengue diagnostics: exploring virus and NS1
antigen detection in saliva and urine of travelers with dengue. J Clin Virol.
20714. doi:10.1016/jjcv.2014.08.021.


dx.doi.org/10.1186/s12879-016-1551-x
dx.doi.org/10.1186/s12879-016-1551-x
http://dx.doi.org/10.1371/journal.pntd.0001760
http://dx.doi.org/10.1371/journal.pntd.0001760
http://dx.doi.org/10.1128/CDLI.12.10.1235-1237.2005
http://dx.doi.org/10.1016/j.jcv.2008.07.016
http://dx.doi.org/10.1016/j.ijid.2006.05.005
http://dx.doi.org/10.1016/j.diagmicrobio.2011.08.020
http://dx.doi.org/10.1016/j.jcv.2014.08.021

Andries et al. BMIC Infectious Diseases (2016) 16:201

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Yap G, Sil BK, Ng L-C. Use of Saliva for Early Dengue Diagnosis. Lopes da
Fonseca BA, editor. PLoS Negl Trop Dis. 2011;5: e1046.
doi:10.1371/journal.pntd.0001046.

Andries A-C, Duong V, Ly S, Cappelle J, Kim KS, Lorn Try P, et al. Value of
routine dengue diagnostic tests in urine and saliva specimens. PLoS Negl
Trop Dis. 2015;9:20004100. doi:10.1371/journal.pntd.0004100.

World Health Organization. Dengue haemorrhagic fever: diagnosis,
treatment, prevention, and control. 2nd ed. Geneva: World Health
Organization; 1997.

Wilson ME, Chen LH. Dengue: update on epidemiology. Curr Infect Dis Rep.
2015;17:457. doi:10.1007/511908-014-0457-2.

Lee SR, Yearwood GD, Guillon GB, Kurtz LA, Fischl M, Friel T, et al. Evaluation
of a rapid, point-of-care test device for the diagnosis of hepatitis C
infection. J Clin Virol. 2010;48:15-7. doi:10.1016/},jcv.2010.02.018.

Cha YJ, Park Q, Kang E-S, Yoo BC, Park KU, Kim J-W, et al. Performance
evaluation of the OraQuick hepatitis C virus rapid antibody test. Ann Lab
Med. 2013;33:184-9. doi:10.3343/alm.2013.33.3.184.

Lee SR, Kardos KW, Schiff E, Berne CA, Mounzer K, Banks AT, et al. Evaluation of
a new, rapid test for detecting HCV infection, suitable for use with blood or
oral fluid. J Virol Methods. 2011;172:27-31. doi:10.1016/j jviromet.2010.12.009.
Parisi MR, Soldini L, Vidoni G, Mabellini C, Belloni T, Brignolo L, et al. Point-
of-care testing for HCV infection: recent advances and implications for
alternative screening. New Microbiol. 2014;37:449-57.

Cappello JM, Gunasekera A, Gunasekera D, Esfandiari J, Ippolito T. A
multicenter performance evaluation of the DPP(®) HIV-1/2 assay for the
detection of HIV antibodies in various HIV testing algorithms. J Clin Virol.
2013;58 Suppl 1:€59-64. doi:10.1016/j.,jcv.2013.08.032.

Stekler JD, O'Neal JD, Lane A, Swanson F, Maenza J, Stevens CE, et al.
Relative accuracy of serum, whole blood, and oral fluid HIV tests among
Seattle men who have sex with men. J Clin Virol. 2013;58 Suppl 1:e119-22.
doi:10.1016/j,jcv.2013.09.018.

Jaspard M, Le Moal G, Saberan-Roncato M, Plainchamp D, Langlois A,
Camps P, et al. Finger-stick whole blood HIV-1/-2 home-use tests are more
sensitive than oral fluid-based in-home HIV tests. PLoS One. 2014,9:2101148.
doi:10.1371/journal.pone.0101148.

Helbig JH, Uldum SA, Liick PC, Harrison TG. Detection of Legionella
pneumophila antigen in urine samples by the BinaxNOW
immunochromatographic assay and comparison with both Binax Legionella
urinary enzyme immunoassay (EIA) and biotest Legionella urin antigen EIA.
J Med Microbiol. 2001;50:509-16.

Weatherall C, Paoloni R, Gottlieb T. Point-of-care urinary pneumococcal
antigen test in the emergency Department for community acquired
pneumonia. Emerg Med J. 2008;25:144-8. doi:10.1136/em;j.2007.050179.
Bruin JP, Peeters MF, ljzerman EPF, Diederen BMW. Evaluation of Legionella
V-TesT for the detection of Legionella pneumophila antigen in urine
samples. Eur J Clin Microbiol Infect Dis. 2010;29:899-900.
doi:10.1007/510096-010-0932-0.

Oguonu T, Shu E, Ezeonwu BU, Lige B, Derrick A, Umeh RE, et al. The
performance evaluation of a urine malaria test (UMT) kit for the diagnosis of
malaria in individuals with fever in south-east Nigeria: cross-sectional
analytical study. Malar J. 2014;13:403. doi:10.1186/1475-2875-13-403.

Zhang Y, Bai J, Ying JY. A stacking flow immunoassay for the detection of
dengue-specific immunoglobulins in salivary fluid. Lab Chip.
2015;15:1465-71. doi:10.1039/c4lc01127a.

Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33:159. doi:10.2307/2529310.

Parry JV, Perry KR, Mortimer PP. Sensitive assays for viral antibodies in saliva:
an alternative to tests on serum. Lancet. 1987,2:72-5.

D'Amico G, Bazzi C. Pathophysiology of proteinuria. Kidney Int. 2003;63:309-
25. doi:10.1046/j.1523-1755.2003.00840.x.

Wang SM, Sekaran SD. Early diagnosis of dengue infection using a
commercial dengue Duo rapid test kit for the detection of NST, IGM, and
IGG. Am J Trop Med Hyg. 2010;83:690-5. doi:10.4269/ajtmh.2010.10-0117.
Hunsperger EA, Yoksan S, Buchy P, Nguyen VC, Sekaran SD, Enria DA, et al.
Evaluation of commercially available diagnostic tests for the detection of
dengue virus NS1 antigen and anti-dengue virus IgM antibody. PLoS Neg|
Trop Dis. 2014;8:3171. doi:10.1371/journal.pntd.0003171.

Page 9 of 9

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central



http://dx.doi.org/10.1371/journal.pntd.0001046
http://dx.doi.org/10.1371/journal.pntd.0004100
http://dx.doi.org/10.1007/s11908-014-0457-2
http://dx.doi.org/10.1016/j.jcv.2010.02.018
http://dx.doi.org/10.3343/alm.2013.33.3.184
http://dx.doi.org/10.1016/j.jviromet.2010.12.009
http://dx.doi.org/10.1016/j.jcv.2013.08.032
http://dx.doi.org/10.1016/j.jcv.2013.09.018
http://dx.doi.org/10.1371/journal.pone.0101148
http://dx.doi.org/10.1136/emj.2007.050179
http://dx.doi.org/10.1007/s10096-010-0932-0
http://dx.doi.org/10.1186/1475-2875-13-403
http://dx.doi.org/10.1039/c4lc01127a
http://dx.doi.org/10.2307/2529310
http://dx.doi.org/10.1046/j.1523-1755.2003.00840.x
http://dx.doi.org/10.4269/ajtmh.2010.10-0117
http://dx.doi.org/10.1371/journal.pntd.0003171

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Clinical samples
	In-house ELISAs
	Rapid diagnostic tests
	Statistical analysis

	Results
	DENV NS1 RDTs
	Anti-DENV antibody RDTs

	Discussion
	Conclusions
	Ethics and consent to participate
	Consent to publish
	Availability of data and materials

	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Funding
	Author details
	References

