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Abstract. Under-recognition of dengue infection may lead to increased morbidity and mortality, whereas early de-
tection is shown to help improve patient outcomes. Recent incidence and outbreak reports of dengue virus in the United
States and other temperate regions where dengue was not typically seen have raised concerns regarding appropriate
diagnosis and management by healthcare providers unfamiliar with the disease. This study aimed to describe self-
reported clinical symptoms of dengue fever in a non-endemic cohort and to establish a clinically useful predictive
algorithm based on presenting features that can assist in the early evaluation of potential dengue infection. Volunteers
who experienced febrile illness while traveling in dengue-endemic countries were recruited for this study. History of iliness
and blood samples were collected at enroliment. Participants were classified as dengue naive or dengue exposed based
on neutralizing antibody titers. Statistical analysis was performed to compare characteristics between the two groups. A
regression model including joint/muscle/bone pain, rash, dyspnea, and rhinorrhea predicts dengue infection with 78%
sensitivity, 63% specificity, 80% positive predictive value, and 61% negative predictive value. A decision tree model
including joint/muscle/bone pain, dyspnea, and rash yields 77% sensitivity and 67% specificity. Diagnosis of dengue
fever is challenging because of the nonspecific nature of clinical presentation. A sensitive predicting model can be helpful
to triage suspected dengue infection in the non-endemic setting, but specificity requires additional testing including

laboratory evaluation.

INTRODUCTION

Dengue, a viral disease with four serotypes (dengue virus
[DENV] 1-4), is transmitted by Aedes mosquitoes (Aedes
aegypti and Aedes albopictus). The febrile iliness is endemicin
tropical regions worldwide, including Southeast Asia, South
and Central America, Oceana, Africa, and eastern Mediterra-
nean regions.' Although less common, cases of dengue have
also been described in North America and Europe, mostly
imported by travelers from endemic areas.>™ Dengue-like
cases have been documented in the United States, dating
back to as early as 1,780. More recent outbreaks of autoch-
thonous cases have been confirmed in Hawaii in 2001-2002,
Texas in 2005, and Florida in 2009-2010.

Dengue is responsible for substantial economic, social, and
political burdens worldwide. Millions of people are affected
annually; incidence has increased over the past 50 years, and
dengue remains on the WHO’s list of neglected tropical dis-
eases.! The incidence of this mosquito-borne infection will
likely continue to increase and expand geographically in par-
allel with increasing trends in population growth, urbanization,
globalization, climate change, travel, and migration.®

There have been several indicators that physicians in the
United States will encounter dengue with increasing fre-
quency in the future. After malaria, dengue is the most com-
mon cause of fever in returned travelers from dengue-endemic
regions.® Aside from imported cases, climate and ecological
change have created more suitable conditions for vector
survival that may also contribute to an increase in local
transmission.” Aedes albopictus was found to be mainly re-
sponsible for viral transmission during the dengue outbreak in
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Hawaii in 2001.8 Aedes albopictus has a wider geographic
range than Ae. aegypti, extending to temperate zones, and is
highly prevalent in North America, raising the possibility of
more widespread autochthonous dengue in previously non-
endemic areas.?%1°

Infection with dengue virus results in a spectrum of iliness,
ranging from asymptomatic or mild and self-limiting fever to
severe illness that can lead to death. Current diagnosis of
dengue mostly relies on various laboratory methods, which
may involve virus isolation and nucleic acid detection, or an-
tibody analysis.'" The different techniques require different
levels of equipment and technician expertise, as well as time.
In clinical settings where diagnosis confirmation is promptly
needed to guide management, rapid tests might be chosen for
their speed and simplicity, in exchange for sensitivity and
specificity. For instance, a rapid antigen test that detects a
dengue-specific marker such as DENV nonstructural protein
1, a protein secreted from infected vertebrate cells, is now
commercially available and is being used clinically.'® How-
ever, despite the accuracy and availability of these laboratory
tests, diagnosis of dengue would still first require recognition
by healthcare providers who will be ordering these tests. At
this time, a predictive model based on clinical symptoms alone
is not readily available. The 2009 WHO guidelines also stated
that diagnosis based on clinical symptoms is unreliable be-
cause of the nonspecific symptoms. "

Symptomatic dengue is described as a febrile illness with
one or more of the following symptoms: high fever > 40°C,
headache, retro-orbital pain, nausea/vomiting, myalgia, ar-
thralgia, and rashes.'® Additional objective findings listed on
WHO guidelines that suggest probable dengue include signs
of fluid accumulation, liver enlargement, positive tourniquet
test, leukopenia, and thrombocytopenia.11 These findings
may not be most applicable in the triage assessment and initial
formation of differential diagnoses when laboratory results are
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not yet available or where dengue is infrequently seen such
that the tourniquet test is unlikely to be applied. Furthermore, a
study has found that the sensitivity of the WHO classification
scheme decreases with increasing patient age at the time of
infection, making detection of dengue fever even more com-
plicated in older adults.' This becomes even more relevant
considering that the non-endemic population that develops
dengue fever is mostly adults, as compared with the typical
pediatric infection seen in endemic countries.

There have been examples of case reports describing
dengue being misdiagnosed as acute appendicitis or acute
cholecystitis, resulting in unnecessary surgery and even death
from surgical wound bleeding complication.*'® A retrospec-
tive study in Texas on specimens collected for West Nile virus
testing between 2003 and 2005 revealed DENV infections in
47 cases.® Further review revealed that dengue was not
considered in the differential diagnosis in any of these cases.
These instances highlight the concern regarding inaccurate
clinical assessment and management, and under-recognition
of the disease by clinicians working in non-endemic areas,
which could increase the potential for dengue-related com-
plications.’® Although management of dengue typically in-
volves only supportive therapy, early recognition of disease
and appropriate fluid management can reduce the chance of
developing dengue hemorrhagic fever (DHF) and dengue
shock syndrome (DSS); thus, early detection helps decrease
associated morbidity and mortality.>16

In the non-endemic setting, travel history can be the most
informative aspect of history taking for clinicians. To aid this
diagnosis process, a set of symptoms that patients experi-
enced during dengue is evaluated in this study. Although
symptoms are usually nonspecific, an algorithm based on a
combination of symptoms that are collectively reasonably
sensitive and specific for dengue may be helpful earlier in the
evaluation, triggering suspicion of dengue and suggesting
follow-up investigation with routine laboratory.

Here, we take the unique approach of evaluating symp-
toms reported by a cohort of subjects living in anon-endemic
locale who report a presumed history of dengue but have
not had previous laboratory confirmation. Using standard
virus neutralization assays, we tested subject sera against all
four DENV serotypes and classified them as having serol-
ogy consistent with primary dengue, secondary dengue, or
naive (no prior dengue). We then used multiple logistic re-
gression and decision tree analyses to determine whether
reported symptoms could reliably predict serologic status
for each subject. The results of our work offer unique insight
into the capacity of reported symptoms to differentiate
dengue from non-dengue disease when subjects suspect a
dengue infection.

METHODS

Study population. Data for this analysis were obtained from
a cross-sectional observational cohort study conducted be-
tween 2014 and 2018 at the Oregon Health & Science Uni-
versity. The eligibility criteria included having a history of
febrile iliness consistent with dengue that was associated with
travel to a dengue-endemic region. At the time of initial re-
cruitment visit, informed consent was obtained. Participants
were then provided with a questionnaire which covered de-
mographic data, travel history, pertinent medical history,and a

checklist of symptoms to describe each episode of illness with
the presumed diagnosis if available. All information obtained
was based on participants’ recollection of the illness event,
and no official diagnosis or laboratory workup was required.
Volunteers then proceeded to donate blood sample for sero-
logical studies. Subjects were recruited and samples col-
lected under an Institutional Review Board-approved protocol
(OHSU Institutional Review Board study #10212).

The symptoms’ checklist consisted of 18 “yes/no” ques-
tions, which included the following symptoms: fever, severe
joint/bone/muscle pain, headache, eye pain, nausea, loss of
appetite, sensitivity to light, rash, malaise/tiredness, bleeding
from gums, vomiting blood or coffee grounds, bloody or tar-
like diarrhea, cough, cough with green/yellow phlegm, short-
ness of breath, runny nose, vomiting (without blood or coffee
grounds), and diarrhea (without blood or tar-like stools). Col-
lected data were coded before analysis. Because each sub-
ject might have recalled more than one instance of iliness,
reported symptoms used for final analysis were derived from
each reported symptomatic episode.

Laboratory methods. The viruses used in this study were
the reference strains DENV1 (WestPac'74), DENV2 (16803),
DENV3 (rDENV3), and DENV4 (rDENV4).'"'® Viruses were
propagated in T-75 tissue culture flasks seeded with C6/36
mosquito cells overlaid with Minimal Essential Media sup-
plemented with 5% fetal calf serum, nonessential amino
acids, penicillin, streptomycin, and amphotericin B. Flasks
were incubated at 32°C with 5% CO, for 5-7 days and su-
pernatants harvested, clarified by centrifugation, and then
stored at -80°C in 20% SPG buffer.

Serum samples were initially screened by ELISA and con-
firmed by plaque reduction neutralization test (PRNT). Fifty
percent PRNT5, titers were used to characterize sera.’® With
PRNT, participants’ immune sera were initially heat-
inactivated for 30 minutes at 56°C, serially diluted 4-fold
from a starting dilution of 1:10, and mixed with an equal vol-
ume of ~25 plaque-forming units of DENV serotypes 1-4,
giving afinal starting serum dilution of 1:20. Each serum-virus
mix was quadruplicated. Virus dilution mixes without sera
were prepared as controls. After 1 hour of incubation at 37°C,
virus mixes were inoculated into individual wells of 24-well
plates seeded with Vero E6 cells, incubated for another hour at
37°C, and then overlaid with 1% methylcellulose. After in-
oculation, plates were incubated for 5 days at 37°C and 5%
CO,. The overlay was then removed, monolayers were fixed
with 80% methanol and stained with 2% crystal violet, and
plagues were enumerated by visual review of each well. The
proportion of virus neutralized per well was calculated, and the
serum dilution that neutralized 50% of control input virus
(PRNT50) was determined by sigmoidal dose-response curve
fitting in GraphPad Prism® (version 7.0; GraphPad software,
San Diego, CA).?° Sera were classified as primary DENV im-
mune if they only neutralized a single DENV serotype at a
dilution>1:20 or if the titer against a single DENV serotype titer
was >4 times higher than the titers against the three remaining
serotypes. Sera were classified as secondary DENV immune if
the sera neutralized more than one serotype and the two
highest titers against individual serotypes were within 4-fold of
each other. Sera were classified as naive if the sera did not
neutralize any DENV at a 1:20 serum dilution. Plaque reduction
neutralization test results were also evaluated in the context of
travel and exposure history, vaccine history, and laboratory
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results at the time of illness (provided by participants) if avail-
able. In addition, using a similar neutralization technique, serum
samples were tested against chikungunya, Zika, yellow fever,
and Japanese encephalitis virus. The sample was considered
positive for previous exposure if the PRNTso was greater than 1:
20 for a specific virus. In the case that more than one result was
above 1:20, the one with the highest neutralizing was considered
to be the main exposure, with others being the result of cross-
neutralization.

Data analysis. All subjects and cases that reported possi-
ble previous exposure to dengue and/or listed dengue virus as
the suspected cause of certain illness episodes were selected
for this analysis. Exclusion criteria included the following:

1. Subjects who did not report any symptomatic episodes, or
were unable to provide answers to the symptom checklist

2. Symptomatic episodes without fever

3. Missing sample orincomplete serological results at the time
of analysis

Of the total of 217 available cases, 140 cases from 126
subjects met the inclusion criteria.

Data were analyzed using both descriptive and inferential
statistics. Each case was classified as either positive or neg-
ative for dengue based on serology result, as described in the
Laboratory Methods section, in conjunction with circum-
stantial information provided by the questionnaire. Clinical
symptoms were compared between the positive and negative
groups. Initially, each symptom was summarized intoa 2 x 2
contingency table. These data were then used to calculate
sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) for each symptom.

Statistical analysis was performed using chi-square and
Fisher’s exact test, univariate and multiple logistic regression
analyses, and decision tree algorithm. Variables used were the
17 symptoms from the questionnaire checklist as mentioned
earlier (excluding fever). First, chi-square and Fisher’s exact
test were used to assess relationship between dengue and
each individual symptom. Considering each symptom as an
independent variable and dengue status as a categorical de-
pendent variable, a multiple logistic regression model was
developed from the data. Only variables with a P-value < 0.25
were initially included in the multiple logistic regression model
via the forward selection approach. The preliminary model
was composed of variables that when added yielded the
lowest P-value, that is, < 0.05. Interaction effects between
paired symptoms were then assessed, with every possible
pair of the 17 symptoms assessed separately (see Table 1). If a
two-symptom interaction yielded a P-value of < 0.25, then it was
added to the preliminary model. The final algorithm was chosen
from the simplest model with the least number of variables in-
cluded, yet provided the best fit and was most inclusive, based
on the area under the curve (AUC), sensitivity, specificity, and P-
value, considered in that order. As a further analysis, we also
constructed a model that statistic run based on new variables
that combined all aches/pain and bleeding symptoms into one
category. Finally, a decision tree algorithm was performed using
the R package “tree” (Ripley B., Oxford, United Kingdom; CRAN
repository, R Foundation for Statistical Computing, Vienna,
Austria) based on available variables to visualize a simple flow-
chart of symptoms that suggest dengue infection. All statistical

analyses were performed using R Studio Version 1.1.453 (R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Characteristics of the study population. Overall, DENV
seroprevalence in this cohort was 65.1% (82 of 126 partici-
pants). Among the 126 participants, 14 participants reported
two symptomatic episodes fitting with dengue, and thus a
total of 140 cases were included in the analysis. Ninety-one
cases were classified as positive, meaning that the symptoms
reported were considered to be caused by dengue virus, and
49 cases were classified as negative for dengue virus in-
fection. Among the 14 participants who reported two symp-
tomatic episodes, three participants were considered to have
both negative cases, nine participants had both positive
cases, and two participants had one positive and one negative
cases, based on circumstantial information provided at the
time of questionnaire.

Demographics of participants are presented in Table 1,
showing the comparison between the two groups categorized
by serologic result. Dengue seronegative and dengue sero-
positive groups were not significantly different with respect to
age, gender, or vaccination status. Countries visited by par-
ticipants and reported as the suspected location of dengue
acquisition are shown (Figure 1A), and countries associated
with confirmed cases are represented with a heat map
(Figure 1B). Of the 49 DENV-negative cases, three were found
to be seropositive for chikungunya virus, and two were posi-
tive for having antibody against yellow fever virus without
previous vaccination.

Epidemiological study. Table 2 shows the summary of
clinical symptoms from 140 cases totally reported by partici-
pants, grouping by infection status as determined by combi-
nation of serologic and circumstantial information. Table
3 shows the comparison of sensitivity, specificity, PPV,
and NPV.

Symptoms that had a sensitivity > 0.75 included severe
joint/bone/muscle pain, headache, loss of appetite, and
malaise. Symptoms that had a specificity > 0.75 included gum
bleeding, hematemesis, melena, cough, productive cough,
shortness of breath, runny nose, and vomiting. Rash, melena,
and shortness of breath represented the highest PPV among
all symptoms. In addition, severe joint/bone/muscle pain,
rash, and shortness of breath were the only symptoms that
showed a statistically significant difference between the two
groups based on chi-square analysis (see Supplemental
Tables 2-4 for further details of infection status for these
three symptoms). Headache, eye pain, nausea, anorexia,
sensitivity to light, malaise, and gum bleeds had statistically
similar rates of occurrence among the two groups in this adult
non-endemic cohort.

Multiple logistic regression. As described in the Methods,
the final model acquired from regression analysis (Table 4)
included only the symptoms and symptom interactions that
resulted in an overall algorithm that remains significant and
reasonably inclusive.

The receiver operating characteristic (ROC) curve was
drawn from symptom scores by calculating from the re-
gression equation as follows:
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TaBLE 1
Cohort characteristics categorized by serologic response to dengue virus

DENV seropositive (n = 82) DENV seronegative (n = 44) P-value
Gender, % women 59.8 54.5 0.71
Age at enrollment (years) 0.72
Median (range) 39 (19-85) 40 (19-79)
Mean (SD), n (%) 45.3 (18.5) 441 (16.0)
Age at first infection (years) 0.46
Median (range) 26 (6-69) 29 (7-89)
Mean (SD), n (%) 31.7(17.3) 34.1(17.6)
Ethnicity
Hispanic 5 2
Non-Hispanic 74 41
Decline 3 1
Race
Asian 11 2
Caucasian 60 35
Multiracial/other 6 3
Decline 5 4
Yellow Fever Virus vaccinated (%) 451 56.8 0.29
Japanese Encephalitis Virus 12.2 13.6 >0.99

vaccinated (%)

Symptom score = 1.27—1.52(Severe joint/bone/muscle pain)
+1.09(Rash) +2.56(Shortness of Breath)
—1.31(Rhinorrhea).

The ROC curve allows for evaluation of the model’s ability to
classify the disease status via measurement of the AUC. The
AUC for this regression model was estimated to be at 0.76
(Figure 2A). The cutoff point at the symptom score of 0.84
yielded sensitivity of 0.78 and specificity of 0.63, with a PPV
of 0.80 and an NPV of 0.61.

We evaluated an alternative regression model which in-
cluded a nausea-diarrhea symptom interaction, in addition
to the other individual variables already included in the
model as earlier, with the result shown in the following text
(Table 5). This new model yielded an AUC of 0.79 as shown
in Figure 2B. At a cutoff point score of 0.51, the sensitivity,
specificity, PPV, and NPV of this model are 0.77, 0.67, 0.81,
and 0.61, respectively. Additional analysis with a model
constructed from new combined aches/pain and bleeding
symptoms as one category met the criteria for inclusion into
a prelim model. The model that included joint pain, rash,
shortness of breath, rhinorrhea, and bleeding yielded the
AUC, sensitivity, and specificity that were comparable to
the previous models.

The clinical features included in the determination of the
regression model were also used to develop a decision tree.
The only symptoms included in the final decision tree were
shortness of breath, rash, and joint/bone/muscle pain. Result
is shown in Figure 3, which has an AUC of 0.75 (Figure 4). The
sensitivity and specificity of the decision tree are 0.77 and
0.67, respectively.

DISCUSSION

The results presented here re-demonstrate the difficulties
in diagnosing dengue based on clinical history alone be-
cause of the nonspecific signs and symptoms which are
common to many acute febrile ilinesses. Severe joint/bone/
muscle pain, rash, and shortness of breath were the only
symptoms that, by themselves, statistically differed in oc-
currence between the DENV-positive and DENV-negative
groups. However, none of these symptoms individually had
sufficient sensitivity or specificity to be useful. Symptoms
that were more sensitive include severe joint/bone/muscle
pain, headache, anorexia, and malaise. A more specific
symptom included shortness of breath. Although it seemed
that gum bleeding, hematemesis, melena, cough, rhinor-
rhea, and vomiting have high specificity and were reported
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Ficure 1. Map of countries related to dengue cases. (A) Markers representing the countries where research participants visited and suspected to

have contracted dengue. (B) Heat map showing countries associated with cases classified as dengue positive. This figure appears in color at

www.ajtmh.org.
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TABLE 2

Clinical symptoms reported by research participants with confirmed previous exposure to dengue compared with those in whom infection
was excluded

Positive* (n = 91), n (%) Negative* (n = 49), n (%) P-valuet
Aches and pain 82 (90) 46 (94) 0.54 (F)
Severe joint/bone/muscle pain 70 (77) 45 (92) 0.03
Headache 73(80) 43 (88) 0.26
Eye pain 48 (53) 22 (45) 0.38
Nausea 45 (49) 30 (61) 0.18
Loss of appetite 80 (88) 45 (92) 0.47
Sensitivity to light 44 (48) 21 (43) 0.53
Rash 50 (55) 14 (29) <0.01
Malaise 86 (95) 48 (98) 0.67 (F)
Bleeding symptoms 3(3) 4(8) 0.24 (F)
Bleeding from gums 2(2) 3 (6) 0.34 (F)
Vomiting blood or coffee grounds 0 1@2) 0.35 (F)
Bloody or tar-like diarrhea 1(1) 0 >0.99 (F)
Cough 14 (15) 8 (16) 0.88
Cough with green/yellow phlegm 4(4) 2(4) >0.99 (F)
Shortness of breath 26 (29) 3(6) <0.01
Runny nose 11 (12) 10 (20) 0.19
Vomiting (without blood or coffee 20 (22) 10 (20) 0.83
grounds)
Diarrhea (without blood or coffee 29 (32) 19 (39) 0.41
grounds)

* Status of each case determined by combination of serologic and circumstantial information.
T Chi-square test without Yates’ continuity correction or Fisher’s exact test (F) for categorical variables.

with greater frequency in the positive dengue group, the
differences between the two groups were statistically in-
significant, and therefore these symptoms alone were not
very helpful in predicting dengue.

Combinations of clinical symptoms were more informative
than individual symptoms in predicting the diagnosis of den-
gue. When using multiple logistic regression analysis, the
symptoms that were positively correlated with dengue in-
cluded rash and shortness of breath, whereas joint/bone/
muscle pain, rhinorrhea, and a combination of nausea and
diarrhea demonstrated negative correlation. When adapting
the variables into the decision tree model, variables similar to
those of the regression model were included into the final re-
sult. The decision tree performed at a comparable level to the
logistic regression model, with only minimally lower AUC, but

with similar sensitivity and specificity values. However, a de-
cision tree allowed for simpler interpretation and utilization of
the model overall.

Shortness of breath had the highest correlation coeffi-
cients in the regression model and provided a strong
positive prediction of dengue in this test cohort. Although
this may differ from the objective findings of dyspnea or
tachypnea, the results of our analysis suggested that
subjective shortness of breath has value in helping with
dengue diagnosis and should be explored during history
intake. It is also important to note that shortness of breath
was observed more with secondary infection, in which
44% of participants with secondary dengue developed the
symptom, whereas only 18% of primary infection experi-
enced shortness of breath. Based on the retrospective

TaBLE 3
Sensitivity, specificity, and predictive values of each symptom

Sensitivity Specificity Positive predictive value Negative predictive value
Aches and pain 0.91 0.06 0.64 0.25
Severe joint/bone/muscle pain 0.77 0.08 0.61 0.16
Headache 0.80 0.12 0.63 0.25
Eye pain 0.53 0.55 0.69 0.39
Nausea 0.49 0.39 0.60 0.29
Loss of appetite 0.88 0.08 0.64 0.27
Sensitivity to light 0.48 0.57 0.68 0.37
Rash 0.55 0.71 0.78 0.46
Malaise 0.95 0.02 0.64 0.17
Bleeding symptoms 0.03 0.92 0.43 0.34
Bleeding from gums 0.02 0.94 0.40 0.34
Vomiting blood or coffee grounds 0.00 0.98 0.00 0.35
Bloody or tar-like diarrhea 0.01 1.00 1.00 0.35
Cough 0.15 0.84 0.64 0.35
Cough with green/yellow phlegm 0.04 0.96 0.67 0.35
Shortness of breath 0.29 0.94 0.90 0.41
Runny nose 0.12 0.80 0.52 0.33
Vomiting (without blood or coffee grounds) 0.22 0.80 0.67 0.35
Diarrhea (without blood or coffee grounds) 0.32 0.61 0.60 0.33
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TaBLE 4
Variables in the multiple logistic regression model from data that included only febrile cases, with their estimated coefficients, standard error,

P-value, unadjusted and adjusted ORs, and its 95% Cls

Estimated coefficients Standard error P-value Crude ORs Estimated adjusted ORs 95% ClI
Intercept 1.273 0.563 0.024 - - -
JT/bone/muscle pain -1.520 0.612 0.013 0.296 0.219 0.066-0.725
Rash 1.087 0.416 0.009 3.049 2.965 1.312-6.700
Sob 2.557 0.796 0.001 6.133 12.90 2.71-61.47
Rhinorrhea -1.308 0.706 0.064 0.536 0.270 0.068-1.079
OR = odd ratio.

design of this study, the secondary infection cannot be
proven as the cause of each symptomatic case, regardless
this may suggest reasonable association with severe
dengue infection, including DHF or DSS, which should be
further explored. In addition, the negative correlation be-
tween rhinorrhea and dengue fever may be expected, and
probably setting this mosquito-borne disease apart from
other common cold and flu symptoms.

It is also an interesting finding that severe joint/bone/muscle
pain was negatively correlated with dengue fever, considering
that myalgia and arthralgia are considered one of the more
traditional descriptive characteristics of dengue, also known
as “breakbone” fever.2! The study may be affected by type Il
error from the relatively small sample size, causing the true
significance of the presence of each symptom to not be ob-
served in this analysis. However, findings have also been in-
consistent in other studies with larger sample sizes. A study by
Low et al."* found the symptom of bone pain to be more
common in patients suffering from dengue fever, whereas
another study by Phuong et al.>? showed that the symptom
was similarly reported among the two groups of patients, more
consistent with our own results. The difference in prevalence
of muscle pain was ultimately not statistically significant in
either study. This suggests that there may be an attribution
bias for certain symptoms subjects believe should be asso-
ciated with the presumptive diagnosis of dengue but, in our
studies and others, empirically were not. It is also important to
note that the study cohort specifically recruited subjects who
had been presumptively diagnosed with dengue, which, rather
than enriching for dengue positive subjects, may instead have
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enriched for subjects with bone and joint pain (an assumed
common symptom for dengue as mentioned) but not neces-
sarily for dengue. In addition, cultural differences in how
subjects perceive and report pain may have contributed to the
discrepancy being observed.?®?* Last, severe joint/bone/
muscle pain was a sensitive, but nonspecific, feature of den-
gue; thus, the association of myalgia and arthralgia with other
mosquito-borne diseases, such as Zika and chikungunya, or
even influenza and other tropical illnesses could also explain
the negative correlation observed.?® It was noted in this study
that among the 49 cases considered negative for dengue in-
fection, five of 45 cases which reported joint, bone, and
muscle pain tested positive for previous exposure to other
viruses (three for chikungunya and two for yellow fever).
Similarly, this may be an explanation for poor specificity and
negative correlation unexpectedly seen with bleeding symp-
toms, anorexia, and malaise.

Although nausea and diarrhea alone were not significant
enough to be included in the model, the addition of their in-
teraction to the model gave a negative prediction that con-
tributed to a slightly more inclusive model (higher AUC), and
thus, was shown here as the alternative regression model. This
observation was likely due to the high incidence of gastroin-
testinal infections in travelers, with self-reported incidences
being highest in Asia and Africa.?® However, the impact of this
interaction was quite small, and the first model remained the
simplest model with the least symptoms included but with the
highest inclusion values.

The models obtained from this analysis are not very specific
to dengue but do have a relatively high sensitivity. According
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Ficure 2. Receiver operating characteristic curves of logistic regression model. (A) Receiver operating characteristic curve based on the first
model of multivariate regression, which included only single variables. (B) Receiver operating characteristic curve based on an alternative multi-
variate regression model, which included nausea/diarrhea interaction. AUC = area under the curve.
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TABLE 5

Variables in the alternative regression model with their estimated coefficients, standard error, P-value, unadjusted and adjusted ORs, and its

95% Cls

Estimated coefficients Standard error P-value Crude ORs Estimated adjusted ORs 95% ClI

Intercept 1.452 0.626 0.020 - - -
JT/bone/muscle pain -1.698 0.628 0.007 0.296 0.183 0.053-0.627
Rash 1.092 0.430 0.011 3.049 2.979 1.282-6.925
Sob 2.696 0.837 0.001 6.133 14.82 2.870-76.480
Rhinorrhea -1.111 0.751 0.139 0.536 0.329 0.076-1.436
Nausea 0.223 0.517 0.666 0.620 1.250 0.454-3.442
Diarrhea 1.042 0.925 0.260 0.739 2.835 0.463-17.366
Nausea—diarrhea -2.094 1.089 0.054 0.191 0.123 0.015-1.040

OR = odd ratio.

to the WHO guideline and other publications, hematocrit,
complete blood count (especially neutrophils, platelets, and
lymphocytes), as well as certain inflammatory markers can
provide a more specific clue into definitive diagnosis and
whether patient may be at risk of developing hemorrhagic
symptoms and shock, and thus further guide the formation of
management plan.""?”28 Future work on the algorithm may
consider addition of laboratory results, such as white blood
cells and platelets count, as independent variables that may
improve specificity of the model. However, the objective in the
development of these models was to provide help with initial
evaluation, encouraging physicians to include dengue fever in
the list of differential diagnoses and to pursue further exami-
nations that can provide a more specific prediction value, as
laboratory results are still required for confirmation of dengue
diagnosis. A sensitive model at the initial step of evaluation will
hopefully reduce the number of misdiagnosed dengue cases,
and its related morbidity and mortality.

Limitations. One limitation of this study involved the source
of data being from volunteers who had suspected dengue
infections during their previous oversea trips. This recruitment

method may falsely elevate the prevalence of dengue among
travelers, which would also be unquestionably higher than that
found in the general non-endemic population. However, the
model may still be applicable for travelers presenting with fe-
brile symptoms, considering the higher pretest probability in
patients with similar history. A previous study in missionaries
returning from Jamaica found that 21% of survey respondents
experienced acute febrile illness related to the trip, and 27 % of
available serum samples had seroconversion consistent with
recent dengue.?® Although the prevalence can affect the PPV
and NPV of the model, the sensitivity and specificity should
remain the same if the model should be applicable to other
populations as anticipated. That said, our model would benefit
from further prospective validation in the appropriate travel
clinic settings and may prove most useful for excluding, rather
than predicting, dengue disease.

This study may also be influenced by recall bias due to
participant’s self-reported symptoms when answering the
questionnaire. The effect of recall bias should have been
minimized by using the same procedure of data collectioninall
participating volunteers. In addition, the questionnaire was

N =140
DF: 91
Non-DF: 49
No SOB SOB
DF: 65 DF: 26
Non-DF: 46 Non-DF: 3
No Rash Rash
DF: 30 DF: 35
Non-DF: 34 Non-DF: 12
No Joint Pain Joint Pain
DF:12 DF: 18
Non-DF: 3 Non-DF: 31

Ficure 3. Decision tree for predicting dengue viral infection. The number of dengue fever (DF) and non-dengue fever (non-DF) cases in the study

population is shown in each node.
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Ficure 4. Receiver operating characteristic curve of decision tree
model. Receiver operating characteristic curve based on decision tree
model showing area under the curve (AUC) of 0.75.

delivered before the blood sample was collected, and subjects
were blinded to serology results. However, because of the
retrospective design of the study, the seropositive evidence
could not completely prove that the symptomatic cases rep-
resent true dengue. For instance, participants who had a
history of frequent travels may have been exposed to dengue
before the reported iliness episode. In this case, the sero-
positive result, of dengue or otherwise, would then be falsely
associated with the reported symptoms. Additional potential
problem related to the recollection of symptoms was that it
was difficult to pinpoint which symptoms appeared earlier or
later in the iliness process. This can limit the actual application
of the model in real clinical practice when patients are pre-
senting to clinic earlier in symptoms manifestation, whereas
the model may include symptoms that only appear later in the
process of the disease. It would be essential for the model to
be validated with different datasets for its application in dif-
ferent clinical settings.

CONCLUSION

Our study demonstrated that despite the seemingly non-
specific symptoms individually, a model including a combi-
nation of symptoms can help predict the diagnosis of dengue
at a relatively high sensitivity, albeit with poor specificity. For
clinicians in non-endemic areas evaluating patients for pos-
sible dengue infection with a positive travel history, we rec-
ommend an increased index of suspicion, especially in
patients with fever, difficulty breathing, and absence of rhi-
norrhea; minor criteria may include rash, absence of paired
nausea—diarrhea symptom, with or without joint, bone, and
muscle pain. The purpose of this model was not to replace the
existing criteria for dengue diagnosis, but rather to serve as a
tool at triage or at the initial phase of history-taking and to
help widen the differential diagnoses. Such a tool would

prompt physicians to consider tropical infectious disease as
a possibility in febrile patient with a recent travel history or in
patients living in non-endemic areas with previous autoch-
thonous cases and outbreaks. The model should aid in
making the decision to perform additional examinations or
order further laboratory tests. The goal was to provide the
right management plan and close observation when neces-
sary, as the consequence of missing the true diagnosis could
be lethal. Under-recognition of dengue may lead to in-
creased morbidity and mortality, whereas early detection is
shown to help improve patient outcomes. With additional
validation on other cohorts, the preliminary models de-
veloped in this study, including the regression-derived
equation and the decision tree, have potential for clinical
utilization.
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