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Abstract

Background.—Real-time RT-PCR (Reverse Transcriptase Polymerase Chain Reaction) is
considered the gold standard for Zika virus (ZIKV) infection diagnosis, despite its low sensitivity.
Diagnosis using recommended serologic cutoffs in co-circulating Flaviviruses areas maybe
inadequate due to /n-vitro cross-reactivities of Flaviviruses-specific antibodies. We evaluated Zika
diagnosis in symptomatic patients using serial RT-PCR and develop a classification model using
serial Dengue virus (DENV) and ZIKV serologies.

Methods.—A prospective longitudinal multicentric study in Southern Mexico () enrolled
symptomatic and non-symptomatic participants. In the classification model, true positives were
symptomatic (using a modified World Health Organization /Pan American Health Organization
definition) with RT-PCR positive for ZIKV or DENV. True negatives were non-symptomatic with
negative RT-PCR. Serial serology measurements were used to predict disease status.

Results.—Analyzing ZIKV and DENV RT-PCR at 3 timepoints between days 3 and 13 of
symptom onset detected 25% more cases than a single PCR analysis between day 0 and 6. When
considering sensitivity and specificity together, the serial serology model predicted all categories
of disease and negatives better than manufactures cutoffs. Their cutoffs optimized sensitivity or
specificity but not both.

Conclusions.—We demonstrated the importance of serial RT-PCR and antibody measurements
to diagnose arbovirus infection in symptomatic patients living in regions with co-circulating
flaviviruses.

Keywords

Zika Virus; Dengue Virus; Reverse Transcriptase Polymerase Chain Reaction; Antibodies;
Kinetics; Viremia

1 Background

Zika virus (ZIKV) was declared a public health emergency by the World Health
Organization (WHO) on February 2016, in response to the large spread of the virus in the
Americas, the increasing evidence of congenital malformations in neonates from mothers
that were infected with ZIKV during pregnancy, and because of neurological disorders
found in infected adults [1-3]. ZIKV, along with the Dengue virus (DENV), belongs to the
genus Flavivirus of the Flaviviridae family. Both are arthropod-borne viruses (arboviruses),
possessing a single-stranded, positive-sense Ribonucleic acid (RNA) genome of
approximately 11kb that codes for a polyprotein containing 3 structural proteins, among
which is the envelope protein (E) [4]. The primary epitopes targeted by human antibodies
during a flavivirus infection are found in the E protein, which is structurally conserved
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among flaviviruses. Immune mediated enhancement with closely related flavivirus, through
the antibodies produced during a primary infection, remains controversial [5-8]. Those
antigenic similarities have microbiological consequences [9,10], such as the /in-vitro cross-
reaction of serologic tests against close flaviviruses [11].

ZIKV and DENV transmission to humans occurs either through the bites of infected
mosquitoes (Aedes aegypti and Aedes albopictus[12]) or, for ZIKV, through sexual, mother-
to-fetus or blood transfusion transmissions [13]. Most arboviral infections are non-
symptomatic or only cause influenza-like illness [13]. DENV and ZIKV infections display
the same phenotype during minor forms, characterized by moderate fever, arthralgia,
myalgia, leading to possible misdiagnosis in areas with co-circulation of the two viruses.
During the 2015-2017 ZIKV epidemic in the Americas, DENV and ZIKV were both
prevalent in Mexico with 130,069 DENV cases [14] and 7,320 ZIKV cases [15] reported in
2016 by the Pan American Health Organization (PAHO).

The Centers for Disease Control and Prevention (CDC) defines ZIKV infection based on
viremia in blood and urine in non-pregnant symptomatic individuals with symptom onset
within 14 days who have a possible exposure to ZIKV [16]. If onset of symptoms is after 14
days or if viremia is negative, serologic studies of specific Immunoglobulin M (IgM) and
Immunoglobulin G (IgG) are recommended. Based on this testing algorithm, many
symptomatic patients are left without any confirmed diagnosis. Indeed, the peak of plasma
ZIKV viremia has been reported to be lower and of shorter duration than other flaviviruses,
raising issues about ability of RT-PCR (Reverse Transcriptase Polymerase Chain Reaction)
to diagnose all cases and thus avoid false negatives [17]. Because of the high degree of
cross-reactivity within specific anti-flaviviruses antibodies, establishing a definitive
diagnosis is challenging, especially in an area with co-circulation of different flaviviruses.

In this study, we used a cohort study performed in Tapachula City, State of Chiapas, Mexico,
which includes true cases of “Definitive Zika”, “Definitive Dengue”, “Household” (healthy
relative controls) and symptomatic patients with negative real-time RT-PCR tests. The
primary goal of this paper was to evaluate the potential benefit of serial viremia (serum and
urine) to diagnose ZIKV and DENV infection in symptomatic patients in areas with virus
co-circulation. We also evaluated the utility of combining serial serologic evaluations and
the current serologic assay cutpoints through a tree model.

2 Methods

2.1 Study population and study design

A prospective observational longitudinal multicentric study in the Tapachula City area, State
of Chiapas Mexico was conducted by the Mexican Emerging Infectious Disease Clinical
Research Network (LaRED). Patients were enrolled from 5 clinical care centers: Clinica
Hospital Dr. Roberto Nettel Flores, Instituto de Seguridad y Servicios Sociales de los
Trabajadores del Estado; Hospital Regional de Alta Especialidad de Tapachula Ciudad
Salud, Hospital General de Tapachula, and Unidad de Medicina Familiar No.11, Instituto
Mexicano del Seguro Social. The first cohort included consenting adults with febrile rash,
who met the modified WHO/PAHO probable Zika case definition [1] and consulted within 7
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days after symptom onset, referred to as “symptomatic cohort”. In brief, suspected ZIKV
patients were defined as patients with one or more of the following symptoms (not explained
by other medical conditions): rash, elevated body temperature (> 37.2 °C), arthralgia,
myalgia, non-purulent conjunctivitis or conjunctival hyperemia, headache, malaise. The
second cohort enrolled household members of those participants in the symptomatic cohort,
but who did not themselves display any symptoms that matched the WHO/PAHO criteria
(referred to as the “household cohort”). If they had symptoms at screening or during follow-
up, they were excluded from the household cohort and could be evaluated for inclusion in
the symptomatic cohort. The study didn’t have any exclusion criteria.

2.2 Ethical considerations and regulatory approval

The study protocol was approved by an Institution Review Board in two participating
institutions (“Comité de Etica en Investigacion del Instituto Nacional de Ciencias Médicas y
Nutricion Salvador Zubiran” - Registration number: CONBIOETICA -09CEI-011-
20160627 and “Comité de Investigacién del Instituto Nacional de Ciencias Médicas y
Nutriciéon Salvador Zubirdn” - Registration number: 18 CI 09 012 005). The study was
recorded on Clinical.Trials.gov (). It was supported by the Mexico Ministry of Health and
US National Institute of Allergy and Infectious Diseases (NIAID) and sponsored by the
Division of Clinical Research of NIAID. Signed informed consent was obtained from all
subjects or from a legal representative if the subject was not able to sign the consent form.

2.3 Study planning and clinical evaluation

All participants enrolled in the symptomatic cohort were evaluated on Study-visit (SV) days
0, 3, 7 and 28. During each SV, real-time RT-PCR was run on serum and urine samples.
Serologies (IgM and IgG) for ZIKV, DENV and Chikungunya Virus (CHIKV)were also run
on serum samples at each SV. Plaque Reduction Neutralization Test (PRNT) was not
performed on the positive serologic samples. At SVO0 and 28, cell blood count and other
blood chemistries were also performed. The baseline clinical evaluation collected data on
demographic characteristics, medical history and exposure history. All SV collected:
extensive clinical data, symptoms from a checklist, potential pregnancy, neurocognitive and
hearing function assessment, disability using WHODAS 12 (WHO Disability Assessment
Schedule), any complications, and assessment of Guillain-Barre syndrome, with dedicated
tests if present [18]. All subjects enrolled in the household cohort were evaluated on SVO
and 28, with the same evaluations performed as for the symptomatic cohort.

2.4 Laboratory procedures

Serologies of the three arboviruses were measured using commercial Enzyme-linked
immunosorbent assay (ELISA) Kits according to the manufacturer’s instructions: anti-ZIKV
specific-IgM (ZIKV-slgM) and 1gG (ZIKV-slgG) ELISA (Eurolmmun®, Liibeck,
Germany), anti-CHIKYV specific-lgM (CHIKV-sIgM) and 1gG (CHIKV-slgG) ELISA
(Eurolmmun®, Libeck, Germany), anti-DENV specific-1gG (Panbio Dengue 1gG Capture
ELISA - panbio diagnostics®, Republic of Korea) and anti-DENV specific-1gG (Panbio
Dengue IgM Capture ELISA - panbio diagnostics®, Republic of Korea). Four real-time RT-
PCR assays were performed on the same sample, evaluating ZIKV [19], DENV [20],
CHIKYV [21] and panflavivirus [22], as previously described. Briefly, for RNA extraction,
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total nucleic acids from 500 ul of serum and urine were extracted using the NUucliSENS®
easyMAG® system (bioMerieux®, Netherlands) and eluted in 55 pl, according to
manufacturer instructions. For amplification, the oligonucleotide primers and dual labeled
5’-fluorescent probes used in the assay are listed in the Supplemental Table 1 [19-22]. The
amplification of the human RNaseP (RP) gene was carried out for each sample as an internal
control to demonstrate the presence of RNA and the validation of the extraction process. The
amplification of the NS5 gene was also carried out for the generic detection of Flavivirus as
another control of ZIKV and DENYV and to determine the possible presence of other
flaviviruses in the sample. Amplifications were performed in singleplex (each virus detected
in a separate reaction) by one-step RT-PCR reaction in 25 pl with SuperScript Il Platinum
One-Step quantitative RT-PCR System (Invitrogen®, ThermoFisher Scientific®, Waltham,
MA, USA) and 5 pl of sample. Cycle sequencing was: retrotranscription at 50°C for 30
minutes, initial PCR denaturation at 94°C for 2 minutes followed by 45 cycles of
denaturation at 94°C for 15 seconds and annealing and extension at 60°C for 1 minute in the
Applied Biosystems 7500 Fast Real Time PCR System (Applied Biosystems, ThermoFisher
Scientific®, Waltham, MA, USA).

2.5 Cases definitions

In adherence with the CDC guidance for ZIKV infection [16], patients had their first sample
within 7 days after symptoms onset (SV0). Real-time RT-PCR was performed on urine and
serum at SVO0, 3, and 7. As in previous studies [23], patients were classified either as
“Definitive Zika”, “Definitive Dengue” or “Definitive Chikungunya” when real-time RT-
PCR was positive for one of these viruses at any of the three SV samples. In this study the
maximum possible delay for real-time RT-PCR testing was 13 days (i.e. testing at SV7 with
a symptom onset of 6 days at SV0). The study team considered this delay to be acceptable
because of the known persistence of ZIKV and DENV viremia [24]. When real-time RT-
PCR was negative for all three arboviruses, patients of the symptomatic cohort were
considered as “undefined fever events” (UFE) and patients of the household cohort as true
negative. CHIKYV infections were included in the original protocol because of its large
prevalence in 2015. However, because the number of cases in this study was below 10, we
did not include them in this analysis.

2.6 Statistical analyses

Numerous classification methods were considered as candidates to model the relationship
between serial serology and disease category. We chose to work with a decision tree
paradigm due to its relative simplicity of interpretation and its ability to easily handle a
response variable with more than two categories. We used the R statistical software [25]
with the rpart package [26] to build a classification tree model using serial serology
measurements to predict disease status. The classification tree procedure picks important
variables and cutoffs to use to predict disease status. We examined the following variables in
the classification tree procedure: ZIKV-slgG, ZIKV-sigM, DENV-slgG, and DENV-sIgM at
SV0, SV28, and change in those variables from SVO0 to SV28. To maintain interpretability
and parsimony, we constrained the classification tree to not exceed a depth of 4 (maximum
number of decision criteria that can be used to assign categories) and required a minimum
node size of 5 subjects (at least 5 subjects must be assigned to a category based on each
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decision criterion). After the classification tree procedure chose the best model given the
above constraints, we examined the quality of the model by performing 10-fold stratified
cross-validation and calculating out-of-fold error for each of the three groups. Calculating
out-of-fold error provided an estimate of the performance of the model as if we had had a
new independent set of data. The model performance was evaluated using sensitivity and
specificity. After fitting the model and obtaining measures of model quality, we wished to
compare the performance of the classification tree model to the performance of the cutoffs
recommended by the manufacturers of the commercial serology kits. We applied the
recommended cutoffs to the group of known subjects and observed the resulting sensitivity
and specificity. Finally, we took the classification tree model result from the fit on the known
subjects and applied the prediction model and the manufacturers recommended cutoffs to the
UFE subjects.

3 Results

3.1 Patients’ inclusion and clinical presentation

We prospectively enrolled 467 symptomatic participants between June 20, 2016 and August
31, 2018. Among those, 350 symptomatic participants were included in this analysis (see
Flowchart in Figure 1) and 81 Household participants. The median age at enrollment was 32
years old (Interquartile Range (IQR) 23.5) and 61% of them were women (Table 1).
Patients’ inclusion criteria symptoms at SVO are presented in Table 1. Among the
symptomatic patients, 32 (9%) had positive ZIKV real-time RT-PCR and 59 (17%) positive
DENV real-time RT-PCR on SV0, 3 or 7, with 259 (74%) classified as UFE. Among the 81
households’ subjects enrolled, all their indexrelated cases were classified among the UFE
participants. They did not present with any symptoms.

3.2 RT-PCR and serologies measurements

Among the 32 definitive Zika patients, 8 (25%) had their first viremia or viruria detected on
SV3 or 7, corresponding to a delay after symptoms onset ranging from 3 to 13 days. As
illustrated in Figure 2, 90% of the households’ subjects had a ZIKV-slgG above the
recommended cutoffs at SVO and 28, with a flat slope. For definitive Zika patients, 78% had
an increase from SVO0 to SV28 in ZIKV-slgG and 66% in DENV-slgG, with a positive slope,
underlying the /in-vitro slgG cross-reactivities (same for definitive Dengue patients and
evolution of DENV-slgG and ZIKV-slgG). When analysing the performance of the
manufacturer recommended IgG cutoffs, there was a tradeoff between sensitivity and
specificity with only of the two measures falling in the acceptable range (for example above
80%) (Table 2).

3.3 Statistical decision tree model

The variables that were important in predicting infection were: DENV-slgG at SV28, change
in ZIKV IgM, and ZIKV 1gG at SVO (Figure 3). The variables picked by the model do not
per se reflect the ones with the most biological/clinical sense, but the ones with the best
predictive capacity. The classification model picked the cutoffs that determine whether a
serological measurement at a specific timepoint or a change in measurements between
timepoints is “small” or “large”. These cutoffs do not discriminate perfectly as seen by the
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sensitivity and specificity values less than 100%. When looking at the sensitivity and
specificity in unison, the classification model performed better for all three groups. (Table
2). The manufactures cutoffs performed well on one measure (either sensitivity or
specificity) at the expense of the other. In addition, when the decision criteria are applied to
the UFE population, the manufacturer cutoffs would classify a large number of subjects as
both ZIKV and DENV, which is unlikely to be an accurate assertion given our knowledge of
the properties of flavivirus infection (Table 3).

4 Discussion

Establishing a final arbovirus diagnosis in a co-circulation endemic area is challenging.
Currently, recommendations for ZIKV and DENV diagnosis are based on virus detection
and/or specific-lgM detection according to the delay within symptoms onset. To the best of
our knowledge, most assay recommendations assign a cut-point using a single evaluation
with the exception of WHO interim guidance suggesting analysis of paired serum specimens
collected 2—-3 weeks apart [27]. So far, no benefit of serial measurements has been reported
in the literature. In this study, we established the value of serial real-time RT-PCR
measurements of ZIKV and DENV during the symptomatic phase of the flavivirus infection
to help physicians provide a diagnosis. Our tree model demonstrates the importance of
looking at the change in DENV/ZIKV-slgM and DENV/ZIKV-slgG to distinguish ZIKV
infected patients from DENV infected patients. Our model shows that due to the cross
reactivity of flaviviruses, a single threshold for a single antibody cannot adequately diagnose
ZIKA or DENV infection in co-circulating areas, especially if the cutoffs recommended
were validated in a traveler population.

Clinical distinction of ZIKV suspected cases in arboviruses co-circulating areas is
particularly difficult because symptoms are not pathognomonic, with failure to develop a
clinical score with both high sensitivity and specificity in this context [23]. Therefore,
confirmation of ZIKV infection requires a biological evaluation, by identification either of
the virus or of specific antibodies against ZIKV. In our study, among the 350 symptomatic
subjects, 32 were diagnosed “definitive Zika”, 59 “definitive Dengue”, leaving 74% of
patients with unknown diagnosis, underlying the importance of diagnosis improvement.
Limitations of ZIKV diagnosis tools are well reported. For viremia, in an external quality
assessment among European labs in 2016 [28] (i.e. countries testing predominantly travelers
returning from tropical regions) and in Brazil in 2017 [29] (i.e. resource-limited settings
with multiple co-circulating endemic arboviruses), 40% and 27% were respectively correctly
able to perform accurate ZIKV molecular diagnostics on all provided samples. In our study,
24% of the patients would not have been identified neither with a single real-time RT-PCR
evaluation at SVO nor with evaluation of ZIKV-slgM that was largely below the
recommended threshold. Interestingly, the delay between consultation and symptoms onset
of these patients ranged from O to 7 days, thus not explaining that lack of diagnosis. The
peak of ZIKV viremia has been reported to be lower and of shorter duration compared to
others flaviviruses. But based on our results, a second later evaluation of viremia would
improve ZIKV and DENV infection diagnosis and should be considered (Supplemental
Table 2). Neither blood nor urine testing alone were able to define the whole set of ZIKV
and DENV positive patients, no matter which time point and site were considered. A single
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evaluation at SVO would have missed 25% and 20% of the ZIKV and DENYV infected
patients respectively [30].

The second step in the recommended CDC algorithm is based on slgM evaluation. One
major issue of serological evaluation of flaviviruses is the antibodies cross-reactivity [6,31].
To be able to assess antibodies specificity, PRNT or other techniques have been suggested.
However, they are either expensive or time consuming, with almost a week being required
before interpretation of the results; thus they are not routinely performed. To the best of our
knowledge, most studies evaluating the cross-reactivity within DENV and ZIKV antibodies
with the Eurolmmun® serologies kits were performed among infected travelers returning
from an endemic area [32,33]. Even if the manufacturer reports a low cross-reactivity within
DENV and ZIKV antibodies, patients living in an endemic area with high DENV prevalence
are distinct from naive flavivirus European patients. Indeed, ZIKV patients have been
reported to have two serologic profiles during the active phase of infection according to their
origin. Whereas most travelers display high IgM ratio values and moderate 1gG ratios, the
endemic-area residents had infections with very high IgG ratios with negative or low IgM
ratios [32]. Plus, sensitivity of the ZIKV-slgM Eurolmmun® kit has been reported to be as
low as 27% in an endemic population [34]. We could thus assume that both the
recommended cutoff and the sensitivity/specificity reported in a non-endemic population
would differ in an endemic area population. Because of the lack of sensitivity and
specificity, other studies have evaluated a combination of different assays to improve ZIKV
diagnosis, without answering the question of DENV misdiagnosis [35-37].

Establishing the exact onset of disease is not easy in an endemic area considering the non-
specificity of the symptoms. That date is always established retrospectively and may thus not
be accurate. Precise timing of specific IgM onset has not been fully established yet, but
based on related flaviviruses knowledge, it is assumed that ZIKV-slgM appear 4-5 days
after symptoms onset and last up to 12 weeks [38]. However, that assumption is made on a
flavivirus-naive patient, and both the value and the kinetics may be different as previously
mentioned (60% of the Mexican population have already been exposed to DENV [39,40]).

Based on the antibody-dependent enhancement hypothesis [6,41], after a previous DENV
infection in an individual, a ZIKV infection may be considered by the host as a second
infection and lead to an early elevated ZIKV-slgG response with a low or absent ZIKV-
slgM. In our study, based on the recommended cutoff for IgM and 1gG, results are in
agreement with that assumption with no more than 20% of the ZIKV infected patients with
positive ZIKV-slgM (whatever timepoint considered) and 97% of all the cohort (infected
and household patients) with positive ZIKV-slgG. Determining different cutoffs and a ZIKV
diagnosis algorithm according to the origin area of the population studied is thus essential to
help physicians to target the population at risk. Flaviviruses cross-reactivity influences also
the results of DENV tests, with the Panbio® DENV-slgG and DENV-sIgM kits [9]. Thus,
the presence of both flaviviruses serologies in our tree model reflects the complexity of the
in-vitrotesting in our population.

Our study has several limitations. First, because 70-80% of ZIKV infected patients are
supposed to be asymptomatic [42] and because of the low sensitivity of the real-time RT-
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PCR, the true negativity of the household cohort could be argued. However, panflavivirus
real-time RT-PCR of the households were negative, their ZIKV-slgG slope was flat and all
the index case patients associated with each household member were classified among the
UFE patients. Some of those patients from the household cohort had minor symptoms, such
as previously reported among 19% of the non-infected household members of a ZIKV-
infected case patients during the Yap Island outbreak [42]. Thus, we believe that this
population is a suitable matched negative population because they shared the same endemic
origin. Second, our tree strategy won’t be suitable neither for patients presenting with
arbovirus co-infections, as previously reported with DENV and CHIKV [43-45] or with
DENV and ZIKV [46-48], nor across different populations because of the different
background flavivirus seropositivity. However, the relevance of both DENV and ZIKYV serial
serology testing is of particular interest for (potential) pregnant women. The tree also
emphasizes the complexity of a final diagnosis because of the antibodies’ cross-reactivities.
Third, although days since symptom onset is an important variable to consider, we did not
adjust for it in the tree model, because this data was non-existent for the household cohort.
Because of the known rise and fall of the serologic curves, it is likely that the part of the
reason for misclassifications is due to people seeking care at different times. But since in
practice people will seek care at different times, this model reflects clinical practice. Finally,
we do not claim that the cutpoints found in this analysis will work for all kits or even are the
best cutpoints for these kits.

5 Conclusion

Establishing a final flaviviruses diagnosis is challenging considering the pitfalls of the
existing tools. Based on our study, a significant proportion of patients could benefit from a
serial ZIKV viremia and viruria evaluation because of the low sensitivity of that test.
Considering that some of the serologic tests were validated in traveler cohorts, analyzing
serologic kinetics could help to target population at higher risk for ZIKV infection,
especially for pregnant women or for men having sex with pregnant women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

CDC Centers for Disease Control and Prevention

CHIKV Chikungunya Virus

DENV Dengue Virus

ELISA Enzyme-linked immunosorbent assay

IigM Immunoglobulin M

19G Immunoglobulin G

IQOR Interquartile Range

PAHO National Institute of Allergy and Infectious Diseases (NIAID Pan
American Health Organization

PRNT Plague Reduction Neutralization Test

RT-PCR Reverse Transcriptase Polymerase Chain Reaction

RNA Ribonucleic acid

sV Study-visit

UFE Undefined Fever Events

WHODAS WHO Disability Assessment Schedule

WHO World Health Organization

ZIKV Zika Virus
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Highlights

. Serial RT-PCR evaluation until day 13 increases by 25% the identification of
patients infected by Zika Virus.

. Cutoffs for Zika and Dengue virus serologic tests validated in traveler cohorts
do not apply on endemic population.

. Zika virus serologic kinetics could help to target population that should
benefit from a closer monitoring.
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Screening
1320 patients
Not included: 313 (23.7%)
Non-elegible: 408 (30.9%) - 170 not consent (54%)
- 295 non-elegibles (72%) - 69 no time for FU (22%)
- 113 other diagnostics (28%)
- 55 no blood sample (18%)
- 19 other reasons (6%)
Follow-up
Enrolled: 599 (45.4%) - 378 completed FU (63%)
- 166 lost to FU (28%)
-55in FU (9%)
(;19?.S alct(i)el:lr?t? Fever/Rash Household
P 350 patients* 81 participants*
| Prospective Definitive
7 (24%) Dengue
59 (17%)
| | Retrospective Definitive
22 (76%) Zika
32 (9%)
Undefined Fever
Event
259 (74%)
Figure 1.

Consort diagram. Green boxes represent groups included in our analysis.

* . only included those subjects who have no missing serology data on both SVO0 and 28, and
at most one missing PCR measurement.

FU = Follow-Up. GBS = Guillain Barre Syndrom.
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Figure 2.
Spaghetti plots for ZIKV and DENV slgG and slgM among the three cohorts: ZIKV-slgG

(row 1), ZIKV-slgM (row 2), DENV-slgG (row 3) and DENV-sIgM (row 4) by study visit
for each cohort: Definitive Dengue, Definitive Zika and Household. Each colored line
represents the trajectory of one subject in the study. The horizontal black line represents the
manufacturer-recommended cutoff for defining seropositivity.
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Figure 3:
Decision Tree results. In the flow diagram each level shows the decision criteria and variable

to use to predict the disease group. The colored figures show the criteria diagrammatically.
The left figure shows the cut points for the initial cutpoint of low DENV-slgG SV 28. The
purple area shows prediction of household patients with ZIKV-slgG high and the red area
shows the prediction of DENV infected patients. The dots show the true disease status of the
people who would fall in the purple and red areas. Red dots are true DENV infected patients,
green triangles are true ZIKV infected patients and purple squares are Household subjects.
The figure on the right is for the initial cutpoint of high DENV-slgG SV 28. The green area
shows prediction of ZIKV infected patients with ZIKV-slgM change high and the red area
shows the prediction of DENV infected patients.
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Table of Demographics for patients in this analysis

Table 1.

Page 17

Variable

Median age (IQR)

Gender female, n (%)

Days after symptoms onset at

enrolment
0 day
1 days
2 days
3 days
4 days
5 days
6 days
7 days
Clinical symptoms, n (%)

Fever

Non-purulent conjunctivitis or

conjunctival hyperemia

Rash

Pruritus

Arthralgia

Myalgia

Headache

Diarrhea

Malaise

Eye pain

Median number of symptoms

(IQR)

ZIKV Patients
(n=32)

335 (12.2)
19 (59%)

1 (3%)
2 (6%)
10 (31%)
8 (25%)
5 (16%)
4 (13%)
2 (6%)
0 (0%)

22 (69%)
26 (81%)

24 (75%)
25 (78%)
26 (81%)
32 (100%)
28 (88%)
12 (38%)
31 (97%)
25 (78%)

8(2)

DENV Patients
(n=59)

26 (22)
34 (58%)

0 (0%)

2 (3%)

5 (8%)
8 (14%)
10 (17%)
12 (20%)
12 (20%)
10 (17%)

57 (97%)
29 (49%)

51 (86%)
50 (85%)
54 (92%)
56 (94%)
59 (100%)
36 (61%)
59 (100%)
45 (76%)

9(1)

Household Patients
(n=81)

42 (27)
45 (56%)

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

0 (0%)
0 (0%)

8 (10%)
19 (24%)
21 (26%)
35 (43%)
49 (61%)
16 (20%)
81 (100%)

0 (0%)

2(2)

Undefined fever events
(n=259)

31 (22.5)
165 (64%)

2 (1%)
30 (12%)
47 (18%)
46 (18%)
48 (19%)
41 (16%)
37 (14%)

8 (3%)

228 (88%)
149 (58%)

127 (49%)
150 (58%)
243 (94%)
248 (96%)
250 (97%)
127 (49%)
258 (99%)
205 (79%)

8(2)
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Sensitivity and Specificity of decision criteria. These are the results of applying both our decision tree model

Table 2.

and the manufacturer recommended cutoffs to those subjects with known disease status.

Zika PCR+ Dengue PCR+ Household
Sensitivity | Specificity | Sensitivity | Specificity | Sensitivity | Specificity
1 13/32 = 137/140 = 50/59 = 103/113 = 75/81 = 70/91 =
Performance of Tree Model 1% 98% 85%% 91% 93% 77%
Manufacturer Cutoffs: 0/32 = 140/140 = 36/59 = 104/113 = 75/81 = 39/91 =
IgM Day 0 0% 100% 61% 92% 93% 43%
Manufacturer Cutoffs: 1/32 = 139/140 = 33/59 = 99/113 = 72/81 = 39/91 =
IgM Day 28 3% 99% 56% 88% 89% 43%
Manufacturer Cutoffs: 30132 = 20/140 = 33/59 = 80/113 = 7/81 = 69/91 =
19G Day 0 94% 14% 56% 71% 9% 76%
Manufacturer Cutoffs: 30/32 = 16/100 = 46/59 = 73/113 = 8/81 = 81/91 =
19G Day 28 94% 16% 78% 65% 10% 89%

'ZCaIcuIated on out-of-fold predictions with 10-fold cross-validation
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Table 3.

Page 19

Apply decision criteria to undefined fever events patients as an example. These are the results of applying both
our decision tree model and the manufacturer recommended cutoffs to those subjects with unknown disease

status.
%ZIKV alone | %DENV alone | %(ZIKV and DENV) | %Undefined fever events
Tree Model 4/259 = 43/259 = 0/259 = 212/259 =
2% 17% 0% 82%
Manufacturer Cutoffs: 1/259 = 25/259 = 0/259 = 233/259 =
IgM Day 0 <1% 10% 0% 90%
Manufacturer Cutoffs: 0/259 = 27/259 = 1/259 = 231/259 =
IgM Day 28 0% 10% <1% 89%
Manufacturer Cutoffs: 142/259 = 5/259 = 79/259 = 33/259 =
19gG Day 0 55% 2% 31% 13%
Manufacturer Cutoffs: 149/259 = 5/259 = 68/259 = 37/259 =
19G Day 28 58% 2% 27% 14%
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