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Abstract. Arboviral diagnosis has been complicated throughout the tropical and subtropical Americas by the recent
co-circulation of Zika virus (ZIKV), chikungunya virus (CHIKV), and dengue virus (DENV). The aim of this study was to
implement a multiplex real-time RT-PCR (rRT-PCR) for ZIKV, CHIKV, and DENV in Paraguay to test patients who were
clinically suspectedof having dengue.We tested 110 sera frompatientswhopresented to theHospital deClı́nicas in 2016
and had testing for DENV nonstructural protein 1 (NS1; 40 positive and 70 negative). Using a composite reference
standard, we confirmed 51 dengue cases (46.4%): 38/40 NS1 positive and 13/70 NS1 negative. Chikungunya virus and
ZIKVweredetected inonesample each, bothwereDENVNS1negative. TheNS1 test demonstratedgoodagreementwith
rRT-PCR for DENV. However, multiplex rRT-PCR identified a subset of dengue cases and additional arboviral infections
that would not be detected if NS1 assays are relied upon for diagnosis.

Arboviruses are important agents of human disease world-
wide and represent a significant public health problem in
Paraguay. According to data from the Dirección General de
Vigilancia de la Salud (DGVS), the first cases of ZIKV in the
country were detected in November 2015, amidst ongoing
transmission of dengue virus (DENV, serotypes 1, 2, and 4)
and CHIKV.1 Confirmed cases of DENV (serotypes 1, 3, and 4)
aswell as CHIKV and ZIKVwere also documented in 2016, the
year in which samples were obtained for the current study.1

Accurate diagnosis of these arboviruses is complicated by
nonspecific clinical manifestations and limitations to available
laboratory tests.2 Serological assays, in particular, may be
inaccurate as antibodies do not reliably develop until day 5
after the onset of symptoms, and there is significant antibody
cross-reactivity between DENV and ZIKV.3 The objective of
this studywas to implement a sensitive and specific,multiplex
real-time RT-PCR (rRT-PCR) for ZIKV, CHIKV, and DENV (the
“ZCD assay”) to test patients who were clinically suspected
of having dengue. Dengue virus detection in this assay was
evaluated in the setting of an existing diagnostic algorithm
based on rapid diagnostic testing for the DENV nonstruc-
tural protein 1 (NS1) antigen. The multiplex assay was also
used to screen for acute cases of chikungunya, Zika, and viral
coinfections.
Acute-phase sera, collected £ 5 days post-symptom onset,

were included from 110 patients who were clinically sus-
pected of having dengue and presented from March–April
2016. Samples were obtained at the Laboratorio Central
of the Hospital de Clı́nicas (Facultad de Ciencias Médicas,
Universidad Nacional de Asunción, Paraguay) and tested

immediately for DENV NS1 antigen using the immunochro-
matographic Dengue NS1 Ag Test (“the NS1 test,” SD Stan-
dardDiagnostics, Inc., Korea) according to themanufacturer’s
instructions. Serum aliquots were stored at −80�C until pro-
cessing for RNA and IgM detection. For the current study,
we selected 40 NS1-positive samples to confirm DENV de-
tection and 70 NS1-negative samples to screen for Zika,
chikungunya, and undetected DENV infections. The study
was reviewed and approved by the Scientific and Ethical
Committees of the Instituto de Investigaciones enCiencias de
la Salud, Universidad Nacional de Asunción (IICS-UNA;
IRB00011984, code M05/2018).
Viral RNA was extracted from 140 μL of patient serum and

eluted into 60 μL of buffer using the QIAamp viral RNAmini kit
(Qiagen, Germantown, MD) according to the manufacturer’s
recommendations. The samples were screened for ZIKV,
CHIKV, and DENV RNA using the ZCD assay, as previously
described and validated.4 RNase-P detection was used as
internal control.5 For all samples that tested positive for DENV
RNA in the ZCD assay, DENV serotype and quantitated viral
load (expressed in log10 copies/mLof serum)were determined
using a serotype-specific rRT-PCR as described.6 Sera were
tested for anti-DENV IgM antibodies using a commercial
MAC-ELISA (Dengue ELISA IgM Capture, Vircell Microbiolo-
gists, Granada, Spain) according to the manufacturer’s rec-
ommendations; optical density was measured on an Inc. Stat
Fax 2100 ELISA reader (Awareness Technology, Palm City,
FL). Qualitative results were recorded and used in this study.
Dengue cases were considered confirmed if the patients

tested positive for 1) DENV RNA in both the ZCD and DENV
serotyping assays or 2) NS1 and anti-DENV IgM. This defini-
tion was applied to limit potential false-positive diagnoses for
patients who tested positive in only one assay. Assay perfor-
mance for individual tests was calculated in reference to this
set of confirmed cases. Statistical analysis was performed
using GraphPad software version 8.0.1 (San Diego, CA).
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Categorical variables were compared using Fisher’s exact
test. Continuous variables were compared by t test or the
Mann–Whitney test (viral load).
In total, 51 patients had a confirmed dengue case (51/110,

46.4%). Of the dengue cases, 47 were positive by rRT-PCR
(92.2%) and four additional patients were positive for NS1
and anti-DENV IgM (7.8%). General characteristics and DENV
test results are shown inTable 1. Themeanagewas27.4 years
(SD 19.9), and 38 children (< 18 years of age; 34.5%) were
included. Dengue virus serotypes were confirmed in all 47
cases positive by rRT-PCR: DENV-1 (n = 40) and DENV-4 (n =
7). Chikungunya virus and ZIKV were detected in one sample
each (1/110 [0.9%]). The viral load for CHIKV and ZIKV were
8.0 and 4.2 log10 copies/mL of serum, respectively. The de-
tection of ZIKV RNAwas confirmed using a second published
rRT-PCR, as described, which targets a separate region of the
ZIKV genome.7 All samples that tested negative for a viral
target in the ZCD assay were positive for RNase-P.
Of the 40 patients who originally tested positive for NS1, 34

(85.0%) were positive for DENV by rRT-PCR (Table 2) and
four were positive for anti-DENV IgM. Good agreement
between the NS1 test and rRT-PCR for DENV was observed
(κ = 0.64, 95% CI 0.49–0.79; Supplemental Table 1). With
reference to the study definition of a confirmed dengue case,
the NS1 assay demonstrated 74.5% sensitivity (38/51 cases)
and 96.7% specificity (2/59 negative cases).
Thirteen dengue cases tested positive by rRT-PCR but

negative in the NS1 test (13/70 NS1-negative samples,
18.6%). Mean viral load was significantly higher in NS1-
positive samples (7.09 log10 copies/mL of serum, SD 1.02)
NS1-negative samples (5.91 log10 copies/mL of serum, SD
1.09; P < 0.001; Table 2, Figure 1). There was a trend toward
the decreased detection of NS1 in DENV-4 cases (3/7, 42.9%)
compared with DENV-1 (31/40, 77.5%), but this did not reach
significance (P = 0.080). The distribution of viral load of DENV-
1 and DENV-4 was not significantly different (P = 0.170).
Hemograms were ordered as part of standard clinical care,

and results were obtained by chart review. Routine hemato-
logic parameters were analyzed as categorical variables to

identify differences between dengue cases and non-dengue
cases. Lymphopenia was associated with dengue cases
(odds ratio [OR] 3.5, 95% CI 1.5–8.1) and leukocytosis was
associated with a non-dengue cause (OR for dengue 0.07,
95% CI 0.01–0.42). Thrombocytopenia was not associated
with dengue in these patients (OR 1.5, 95% CI 0.6–3.5).
The judicious use of diagnostic tests is an important con-

sideration in regions of DENV endemicity, and in the current
study,we implemented asensitive andspecific,multiplex rRT-
PCR for ZIKV, CHIKV, and DENV to test patients who were
clinically suspected of having dengue but had previously only
been tested for NS1. Our findings generally agree with arbo-
viral cases reported by DGVS in 2016.8 Circulating DENV
serotypes had a marked predominance of DENV-1 accom-
panied by co-circulation, in a smaller proportion, of DENV-4.
Fewcases of CHIKV andZIKVwere reported fromParaguay in
2016. For the cases of CHIKV and ZIKV detected here, viral
loads were consistent with published values,9–11 and notably,
the ZIKV case was negative for NS1.
In our patient population, the NS1 test had a specificity of

96.7%, indicating that this can be used to rule-in dengue
cases in the acute phase. However, 13 dengue cases (13/70,

TABLE 1
Patient characteristics, dengue virus (DENV) test results, and routine laboratory findings among dengue cases and non-dengue cases
Clinical factors, n (%) All patients Dengue cases* Non-dengue cases Odds ratio (95% CI)

Patients 110 (100) 51 (100) 59 (100) –

Female 62 (56.4) 27 (52.9) 35 (59.3) –

Age (years), mean (SD) 27.4 (19.9) 25.5 (20.4) 29.0 (19.4) –

DENV results, positive
Real-time RT-PCR 47 (42.7) 47 (92.2) 0 –

Nonstructural protein 1 40 (36.4) 38 (34.5) 2 (3.4) –

IgM 8 (7.3) 5 (9.8) 3 (5.1) –

Laboratory findings
Anemia† 33 (30.0) 15 (29.4) 18 (30.5) –

Elevated hemoglobin 4 (3.6) 3 (5.9) 1 (1.7) –

Thrombocytopenia 30 (27.3) 16 (31.4) 14 (23.7) 1.5 (0.6–3.5)
100,000–150,000 18 (16.4) 10 (19.6) 8 (13.6) –

50,000–100,000 9 (8.2) 5 (9.8) 4 (6.8) –

< 50,000 3 (2.7) 1 (2.0) 2 (3.4) –

White blood cell counts†
Leukopenia 27 (24.5) 13 (25.5) 14 (23.7) 1.1 (0.5–2.7)
Leukocytosis 14 (12.7) 1 (2.0) 13 (22.0) 0.07 (0.01–0.42)
Neutropenia 15 (13.6) 4 (7.8) 11 (18.6) 0.4 (0.1–1.2)
Lymphopenia 65 (59.1) 38 (74.5) 27 (45.8) 3.5 (1.5–8.1)

Bold text indicates a statistical significance with a P-value less than 0.05.
* Cases confirmed by rRT-PCR or NS1 and anti-DENV IgM detection.
† Abnormal results were defined as the following: anemia, hemoglobin concentration < 12 g/dL; leukopenia, leukocytes < 4,000 cells/mm3; leukocytosis, leukocytes > 10,000 cells/mm3;

neutropenia, neutrophils < 2,000 cells/mm3; and lymphopenia, lymphocytes < 3,000 cells/mm3.20

TABLE 2
Patient characteristics and laboratory findings among NS1-positive
and NS1-negative dengue cases.

Dengue cases

P-valueNS1 positive NS1 negative

Patients 38 (100) 13 (100)
Female 22 (57.9) 5 (38.5) 0.33
Age (years), mean (SD) 25.6 (20.6) 25.42 (20.4) –

Dengue results
Serotype 34 (100) 13 (100) –

DENV-1 31 (91.2) 9 (69.2) 0.439
DENV-4 3 (8.8) 4 (30.8) 0.060

Viral load, mean (SD)* 7.09 (1.02) 5.91 (1.09) 0.001
DENV-1, mean (SD) 7.21 (0.81) 6.04 (0.69) < 0.001
DENV-4, mean (SD) 5.80 (2.17) 5.63 (1.82) 0.914

Bold text indicates a statistical significance with a P-value less than 0.05.
DENV = dengue virus; NS1 = nonstructural protein 1.
* In log10 copies/mL of serum.
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18.6%) were identified among patients who tested negative in
the NS1 test. Leukocytosis was strongly associated with a
non-dengue case, and the only dengue case with this finding
was also NS1 positive. Based on these data, patients with a
negativeNS1 result and leukocytosis should beworked-up for
non-DENV causes for their illness. In the remaining NS1-
negative patients, multiplex molecular testing may have a
particularly important role in the diagnostic work-up, as 15
arboviral infections were detected among these cases, in-
cluding cases of CHIKV and ZIKV.
Dengue virus viral load was significantly lower among NS1-

negative dengue cases than the NS1-positive cases. NS1 test
sensitivity is significantly reduced among secondary dengue
cases, likely resulting frompreexisting anti-NS1 antibodies that
interfere with detection.12,13 This would be consistent with our
population, as viral load also tends to be lower among sec-
ondary cases at presentation, although peak viral loadsmay be
higher.12–15 In addition, the Paraguayan population has been
exposed to several epidemicsof dengue, and it is expected that
a high proportion of our cases resulted from secondary infec-
tions. The significance of NS1 detection for dengue prognosis
has varied between studies.16,17 Given that the sensitivity of
NS1 detection differs between serotypes,18,19 consistent with
the trend observed in our study for DENV-4, some of these
differences between studies may be related to the predomi-
nant serotype. The clinical prognostic value of NS1 detection,
therefore, warrants further study in our population.
Detailed clinical information was not available for these

patients, which limits our ability to associate findings with the

day of illness. However, only 5/51 (9.8%) dengue cases had
detectable anti-DENV IgM, indicating that most patients pre-
sentedwithin the first 5 days of symptomonset. Although only
DENV-1 and DENV-4 were detected in our patients, this dis-
tribution of serotypes is consistent with reported dengue
cases in Paraguay during that time.
In conclusion, the ZCD assay provides a useful tool for

screening suspected dengue cases in endemic areas. Its use
may be targeted to certain patient populations to maximize
the added benefit to arboviral detection and identify cases
that would be missed if rapid NS1 assays are relied upon in
the acute setting.
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Tecnólogos, PVCT 16–66 (A. R.). The research was also supported by
a grant from the Dirección General de Investigación Cientı́fica y Tec-
nológica, Rectorado, Universidad Nacional Asunción (DGICT-UNA).

Authors’ addresses: César Cantero, Belén Infanzón, Marı́a Eugenia
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