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Abstract

Background: Dengue is endemic throughout Cambodia, a country faced with significant health and economic
challenges. We undertook a clinical study at the National Paediatric Hospital in Phnom Penh to evaluate clinical
diagnostic parameters for dengue and predictors of disease outcome.

Methods: Between September 2011 and January 2013, all consecutive inpatients aged between 1 and 15 years and
presenting with suspected dengue were enrolled. They were clinically assessed using both the 1997 and 2009 WHO
dengue classifications. Specimens were collected upon admission and discharge and tested for dengue at Institut
Pasteur in Cambodia.

Results: A total of 701 patients were screened. Of these, 79 % were dengue-confirmed by laboratory testing, and
21 % tested dengue-negative. A positive tourniquet test, absence of upper respiratory symptoms, leukopenia,
thrombocytopenia, and elevated liver transaminases were independent predictors for laboratory-confirmed dengue
among the children. The presence of several warning signs on hospital admission was associated with a concurrent
laboratory-confirmed diagnosis of severe disease outcome.

Conclusions: The presence of two or more warning signs was associated with a concurrent laboratory-confirmed
diagnosis of severe dengue at hospital admission. Thus, a cumulative score combining simple clinical parameters
and first-line laboratory findings could be used to accurately predict dengue virus infection in pediatric populations,

optimizing triage in settings with limited laboratory resources.

Background

Dengue is an acute febrile illness caused by one of four
main dengue virus (DENV) serotypes (DENV-1, DENV-
2, DENV-3 and DENV-4) and transmitted by Aedes spp.
mosquitoes. Infection with DENV may remain asymp-
tomatic or cause a spectrum of illnesses ranging from
self-limiting influenza-like illness to life-threatening
manifestations associated with plasma leakage and
hemorrhage potentially leading to hypovolemic shock.
DENV was first isolated in Cambodia in 1963. The dis-
ease is endemic, with peak epidemics observed each year
during the rainy season.
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Since 2000, the National Dengue Control Program of
the Cambodian Ministry of Health (MOH) has reported
an average of 103 cases per 100,000 population, with an
annual case fatality rate ranging from 0.7 to 1.7 %. All four
dengue serotypes have been found circulating in
Cambodia with alternative predominance of serotypes
DENV-2 and DENV-3. The DENV-1 represents from 5 to
20 % of all circulating viruses, depending on the year [1].

In resource-limited settings, the optimization of triage
during dengue epidemics is crucial to avoid overwhelm-
ing health systems and to maximize the impact of avail-
able supportive treatments and resources. Therefore, in
2009, the World Health Organization (WHO) revised
earlier guidelines to more accurately identify patients at
risk of developing severe dengue and who may require
hospitalization for closer clinical monitoring. Despite
these guidelines, early diagnosis of dengue remains chal-
lenging for clinicians, as initial symptoms are generally
indistinguishable from other endemic febrile illnesses in
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the tropics, and laboratory confirmation is not routinely
available. Thus, there is currently no consensus on guide-
lines relying solely on clinical features to distinguish den-
gue from other febrile illnesses [2, 3]. While several
prospective studies have described predictors for dengue
diagnosis [4—6], none of these studies focused on the pre-
diction of a concurrent laboratory-confirmed diagnosis of
severe pediatric dengue at the time of hospital admission.
This study aims to describe the clinical spectrum of a
large number of pediatric cases at a referral hospital in
Phnom Penh, Cambodia, and to determine the clinical
features predictive of laboratory-confirmed dengue infec-
tion. We also sought to determine, at hospital admission,
the predictors of a concurrent laboratory-confirmed diag-
nosis of severe disease (Dengue Hemorrhagic Fever [DHF]
as defined by the WHO 1997 guidelines [7] and Severe
Dengue [SD] as defined by the WHO 2009 guidelines [8]).

Methods

The study was conducted at the internal medicine and
emergency wards of the National Paediatric Hospital in
Phnom Penh. All children aged 1 to 15 years who were
hospitalized between September 2011 and January 2013
and presented with acute onset of fever (temperature
of >37.5 °C on admission or history of fever less than
7 days) were screened for eligibility using both the 1997
and the 2009 WHO guidelines criteria (Additional file 1:
Eligibility Form). All patients with suspected dengue
were enrolled after informed written consent was obtained
from the patients’ parents or guardians. Basic demo-
graphic, clinical and laboratory data were collected by
trained clinicians at admission, using standardized Case
Report Forms for all eligible patients (Additional file 2:
CRF). Clinical information included the signs and
symptoms listed in the 1997 and 2009 WHO case defi-
nitions. Basic laboratory data included the results of
white blood cell and platelet counts, hematocrit and
liver transaminases titers. The study was approved by
the Cambodian National Ethics Committee for Health Re-
search (approval number 123-NECHR, 22 August 2011).

Serum samples were collected at the time of admission
during the acute febrile phase of dengue infection
(“acute sample”) and at the time of hospital discharge
(“convalescent sample”), ideally at least 7 days after the
collection of the acute sample to allow interpretation of
hemagglutination inhibition test results. Other details of
this study have been reported previously [9].

Paired serum specimens were tested using an immuno-
globulin M (IgM)-antibody capture enzyme-linked im-
munosorbent assay (MAC-ELISA) and a hemagglutination
inhibition (HI) assay. Because of possible cross-reactivity,
all specimens were systematically tested for anti-dengue
virus and anti-Japanese encephalitis virus IgM using an in-
house MAC-ELISA and a HI assay. The acute sample was
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tested for viral ribonucleic acid (RNA) by a serotype-
specific quantitative real-time RT-PCR (qRT-PCR) method
[10]. In addition, virus isolation was performed by inoculat-
ing sera into C6/36 Aedes albopictus and Vero E-6 cell cul-
tures, and the virus serotype was identified using a direct
fluorescent antibody assay of monoclonal antibodies [11].
Patients with negative qRT-PCR and inconclusive sero-
logical testing were tested for NS1 antigen using an ELISA
capture commercial kit (Panbio Dengue Early ELISA,
Panbio®©, Sinnamon Park, Australia).

A case was considered positive for dengue when la-
boratory tests met one or more of the following criteria
[8, 12]: 1) Dengue viral RNA detected by qRT-PCR or
virus isolated after inoculation into cell cultures; 2) Sero-
conversion of DENV-specific IgM detected by MAC-
ELISA in paired acute and convalescent samples; 3)
Four-fold increase of HI antibody titer between acute
and convalescent sera; 4) Dengue NS1 antigen detection.

All statistical analyses were conducted using SPSS version
20 (PNSW, Chicago, IL, USA) and Stata 12.1 (StataCorp,
College Station, Texas, USA). We performed univariate
analysis to identify the features associated with dengue
positivity and severe disease. For the analyses on the
predictors for dengue virus infection, we included all
variables from the clinical assessment and the results of
baseline laboratory parameters conducted upon hos-
pital admission. We then assessed the association
between the presence of warning signs on admission
and the concomitant laboratory-confirmed diagnosis of
severe disease (dengue hemorrhagic fever [DHF], den-
gue shock syndrome [DSS], or severe dengue [SD]).
Mantel-Haenszel test were used for the comparisons of
proportions (Fisher’s exact test if a cell had an expected
frequency below five).

Multivariate logistic regression analysis was performed
to identify variables independently associated with
laboratory-positive dengue. The reference group included
patients with a negative dengue laboratory confirmatory
test. The initial logistic regression model included all co-
variates with a p-value of < 0.2 following univariate ana-
lysis. We then developed a score based on the results of
the multivariate analysis; for each individual, each charac-
teristic independently associated with dengue positivity
was combined to provide an overall risk score. For each
factor, categories with an odds ratio of ten or less relative
to the baseline category were given a score of one, and
categories with an odds ratio greater than ten were given a
score of two. These scores were used to assess the ability
to predict dengue infection via comparison of the sensitiv-
ity and specificity. Based on the procedures described in
previous studies aiming to compare the performance of
various clinical algorithms developed by WHO [13-15],
the cut-off of each model was taken as the score that max-
imized the sum of the sensitivity and the specificity.
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Receiver-Operator Characteristics (ROC) curves show-
ing the Area Under the Curve (AUC) were generated to
compare the overall ability of the different scores to
predict dengue infection and concurrent laboratory-
confirmed diagnosis of disease severity at hospital ad-
mission. Predicting accuracy was considered to be high
if the AUC was > 0.9, moderate if in the range of 0.7 to
0.9, and low if between 0.5 and 0.7 [16].

Results

From September 2011 to January 2013, a total of 1115
admitted cases presenting with acute febrile illness were
evaluated, of which 701 (59 %) were clinically suspected
of being dengue-positive as per the 1997 or 2009 WHO
guidelines. Of these 701 suspected cases, 79 % (558/701)
were laboratory-confirmed dengue cases, and 21 % (143/
701) were laboratory-negative and classified as Other Fe-
brile Illnesses (OFI). Of the dengue laboratory-positive
cases, 531 (95.2 %) were confirmed by PCR (520 DENV-
1; eight DENV-2; one DENV-3; two DENV-4); 27 had a
negative PCR result and were confirmed by another test:
eight by IgM seroconversion, eight by a four-fold in-
crease of HI titer, and 11 by NS1. Among the 558
laboratory-confirmed dengue cases, gender was found to
be evenly distributed (49.5 % female and 50.5 % male).
The median duration of hospital stay was 3 days (Inter-
Quartile Range [IQR] 2-4). Age varied between 1 and
15 years, with a median of 7 years (IQR 5-10), and
18.3 % were under 5 years of age. The median onset of
fever prior to admission was 4 days (IQR 4-5) and did
not differ between dengue and non-dengue febrile ill-
nesses (Table 1).

Using the 1997 WHO classification, 85 (15.2 %) of the
dengue laboratory-confirmed cases would be classified
as negative, 378 (67.7 %) as dengue fever (DF), 61
(10.9 %) as DHF, and 34 (6.1 %) as dengue shock syn-
drome (DSS). Using the 2009 WHO classification, 71
(12.7 %) of the dengue laboratory-confirmed cases would
be classified as negative, 207 (37.1 %) as dengue without
warning signs (WS), 240 (43.1 %) as dengue with WS,
and 40 (7.2 %) as SD (Fig. 1).

Table 1 Demographics on admission of laboratory-positive and
laboratory-negative patients, Dengue Surveillance Study (N=701),
National Paediatric Hospital, Phnom Penh, Sep. 2011-Jan. 2013

DENV-Neg.  DENV-Pos.  P-value
n=143 n=558
Males (%) 500 50.5 >0.20
<5 years old (%) 245 16.7 0.09
Age: median [IQR] 7 [5-10] 7 [5-10] >0.20
Onset of fever: median days [IQR] 4 [3-5] 4 [4-5] 0.29
Hospital stay: median days [IQR] 3 [3-4] 3 [2-4] >0.20
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Fig. 1 Classification of cases according to the criteria of the WHO
1997/2009 case definitions for dengue, National Paediatric Hospital,
Phnom Penh, Sep. 2011-Jan. 2013

Clinical features of dengue infection

The clinical features of both laboratory-confirmed and
negative patients were compared using multivariate ana-
lysis (Additional file 3: Supplementary Data Analyses).
When the results of liver transaminases were included, we
found the following five variables to be independently as-
sociated with laboratory-confirmed dengue: positive tour-
niquet test (odds ratio [OR] 2.17, 95 % confidence interval
[CI] 1.32-3.59); absence of upper respiratory infection
(URI) symptoms (OR 2.53, 95 % CI 1.47-4.37); platelet
count < 100,000 cells per mm?® (OR 2.28, 95 % CI 1.32—
6.37); leukocyte count <4000 cells per mm?® (OR 3.60,
95 % CI 2.04—6.37); and liver transaminases > 60 IU/mL
(either AST or ALT; OR 2.31, 95 % CI 1.42-3.75).
When we excluded the results of ALT/AST testing, as
these tests may not always be available in resource-
limited settings, the following six variables were associated
with laboratory-confirmed dengue infection: nausea or
vomiting (OR 1.81, 95 % CI 1.10-2.98); absence of URI
symptoms (OR 2.59, 95 % CI 1.63-4.14); positive tour-
niquet test (OR 2.22, 95 % CI 1.43-3.44); liver en-
largement (OR 2.97, 95 % CI 1.31-6.74); platelet count
< 100,000 cells per mm?® (OR 2.37, 95 % CI 1.48-3.82);
and leukocyte count <4000 cells per mm® (OR 2.96,
95 % CI 1.82-4.83).

Risk scores were developed based on the cumulative
total of the variables independently associated with la-
boratory confirmation of dengue from logistic regression
models. For both scoring systems (with and without
ALT/AST results), the prediction with the best sen-
sitivity and specificity for laboratory-confirmed dengue
integrated three criteria (Additional file 3). Two clinical
scoring algorithms were developed based on the results
of these analyses.

Table 2 shows the comparative performance of the two
clinical algorithms in predicting laboratory-confirmed
dengue. The two clinical algorithms (either with or with-
out AST/ALT results) had a low specificity (57.4 and
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Table 2 Performance of clinical algorithms in the prediction
of dengue, National Paediatric Hospital, Phnom Penh,
Sep. 2011-Jan. 2013

Model A
(with ALT/AST)

75.7 (71.4-79.6)
65.7 (56.4-65.3)

Model B
(no ALT/AST)

84.2 (80.9-87.2)
574 (489-754)

Sensitivity (95 % Cll.)
Specificity (95 % Cl.)

Sensitivity + Specificity 1414 141.6

Positive Predictive Value 89.7 88.3

Negative Predictive Value 40.8 488

AUC (95 % ClI) 0.71 (0.65-0.77) 0.69 (0.63-0.75)

65.7 %, respectively) but an acceptable level of sensitivity
(84.2 and 75.7 %, respectively), with high positive predict-
ive values. The ROC curves illustrate how these different
models predict laboratory-confirmed dengue. The AUC
was equal to 0.69 for the clinical algorithm without
ALT/AST results, and to 0.71 for the algorithm with
ALT/AST results.

Clinical features of DHF/DSS and severe dengue

We also explored the association between the presence of
WS and the concurrent laboratory-confirmed diagnosis of
DHE/DSS or SD at hospital admission. For both DHF/
DSS and SD, the most frequent WS were clinical fluid
accumulation (66 and 90 %, respectively), liver enlarge-
ment (55 and 65 %) and lethargy or restlessness (44 and
68 %). Table 3 describes the ability of the WS to predict
laboratory-confirmed DHE/DSS or SD at hospital admis-
sion. Specificity was high for persistent vomiting (97 and
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96 %, respectively), clinical fluid accumulation (96 and
91 %), and mucosal bleeding (92 and 90 %). Presentation
of any WS was associated with a high sensitivity (92 %)
but poor specificity in predicting severe outcomes. The
presence of two or more WS at hospital admission yielded
a sensitivity of 74 % and a specificity of 83 % in predicting
a concurrent laboratory-confirmed diagnosis of DHF/DSS
at hospital admission. The occurrence of three or more
WS was associated with a sensitivity of 70 % and an
increased specificity of 92 % for the prediction of a con-
current laboratory-confirmed diagnosis of SD at hospital
admission.

The ROC curves (Figs. 2 and 3) illustrate the accuracy
of these various models in predicting concurrent diagno-
sis of laboratory-confirmed DHF/DSS or SD at hospital
admission, based on the total number of WS included in
each model. For DHF/DSS, the highest predictive value
was obtained when patients presented two or more WS
upon admission (AUC =0.78). For SD, predictive value
was maximized when patients presented with at least
three WS at admission (AUC = 0.81).

Discussion

We conducted a 16-month clinical study of pediatric in-
patients in a single referral hospital in Phnom Penh,
Cambodia. While all 701 children enrolled in the study
had clinical suspicion of dengue on admission, dengue
was biologically confirmed in only 558 (79.6 %). This en-
abled us to compare children with dengue and those
with non-dengue febrile illnesses. This information is

Table 3 Performance of warning signs in the predictive diagnosis of dengue severe manifestations, National Paediatric Hospital,

Phnom Penh, Sep. 2011-Jan. 2013

DHF/DSS Severe Dengue
Se Sp PPV? NPVP Se Sp PPV NPV
Warning Signs
Abdominal tenderness 432 770 432 86.8 40.0 746 10.9 94.1
Persistent vomiting 21.1 97.0 588 85.6 375 96.3 441 95.2
Clinical fluid accumulation 66.3 96.1 77.8 933 90.0 91.3 444 99.2
Mucosal bleeding 221 920 36.2 85.1 200 90.3 138 93.6
Lethargy/restlessness 44.2 833 353 879 60.0 816 202 96.3
Liver enlargement >2 cm 558 82.0 390 90.0 65.0 787 19.1 96.7
Warning Signs Count
- at least one 926 518 283 972 925 471 11.9 98.8
- at least two 73.7 829 47.0 939 80.0 774 21.5 98.0
- at least three 526 95.2 694 90.7 70.0 91.5 389 97.5
- at least four 221 983 724 86.0 425 97.7 586 95.7
- at least five 9.5 994 750 84.2 22.5 994 750 94.3
« All six are present 2.1 100.0 100.0 832 7.2 100.0 100.0 932

PPV positive predictive value
NPV negative predictive value
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Fig. 2 Receiver operator characteristics (ROC) curves comparing the predictive accuracy for DHF, of various models integrating one or several
warning signs and presenting the values of the Area Under Curve (AUC) coefficients. National Paediatric Hospital, Phnom Penh, Sep 2011-Jan. 2013

particularly useful in resource-limited settings where
dengue diagnostic tests are not readily available.

The study period, from September 2011 to January
2013, covered two seasons of dengue epidemics. Al-
though all four serotypes were circulating during this
period, the predominant serotype was DENV-1 (98 %) in
2012-2013, which is consistent with data from the
National Surveillance System (Institut Pasteur du
Cambodge, personal communication).

Opverall, at hospital admission, 17 % of patients would
be clinically classified as DHF or DSS according to the
1997 WHO case definition criteria, while 7.2 % would be
classified as SD based on the 2009 WHO case definition.
This low proportion of patients presenting with severe
outcomes is congruent with the low case fatality rate
(0.7 %) observed in our hospital cohort and might reflect
the quality of case management. In Cambodia, patients
die traditionally at home, and family members usually

N

Penh, Sep. 2011-Jan. 2013
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Fig. 3 Received-operator characteristics (ROC) curves comparing the predictive accuracy for Severe Dengue of various models integrating
one or several warning signs, and presenting the values of the Area Under Curve (AUC) coefficients. National Paediatric Hospital, Phnom
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request that moribund relatives be discharged. For this
reason, we conducted a post-discharge assessment in
order to validate the vital status of a random sample of
20 study participants (from a total of 40 patients diag-
nosed with a severe form of dengue at admission) who
resided outside Phnom Penh and presented with either
DDS or SD at hospital admission. The heads of the vil-
lages confirmed that all 20 children were still alive at the
time of the interview. The low case fatality rate observed
in the study is encouraging. It is in line with the MOH’s
2012-2013 National Strategic Plan, in which the Na-
tional Dengue Control Program trained hospital teams
to rationalize hospital care and improve case manage-
ment of severe manifestations of dengue.

Similar to previous studies [17], we found that clinical
algorithms had an acceptable sensitivity for the detec-
tion of dengue (76 to 81 %) but quite low specificity (57
to 66 %) in the epidemiological context of this study in
Cambodia, where other pathogens mimicking the clin-
ical presentation of DENV are present. Therefore, one
important study objective was using clinical parameters
to develop new clinical algorithms that better predict
dengue. We found that a positive tourniquet test,
leukopenia, thrombocytopenia and elevated transami-
nases were independent predictors of dengue infection;
these findings are congruent with the results of other
studies [5, 18, 19]. The presence of elevated liver en-
zymes was frequently observed in the early stages of
both DF and DHF [20, 21]. We also found that the
presence of URI symptoms was useful in ruling out
dengue, as the absence of this criterion is highly sensi-
tive (82.4 %) for the presence of dengue in this cohort.
The inclusion of URI symptoms in our clinical algo-
rithm is essential, since it helps discriminate between
dengue and viral respiratory infections; this finding is
important in the daily clinical setting and has already
been highlighted by other authors [3, 4, 22].

Using the 2009 WHO classification, the presence of any
WS at hospital admission leads to a concurrent laboratory-
confirmed diagnosis of a severe form of dengue. WS are
intended to help triage patients at risk of developing severe
outcomes and needing hospital admission in order to in-
itiate early management and intensive monitoring immedi-
ately upon admission [23], and the utility of this approach
has been confirmed by recent studies conducted in Sri
Lanka [24] and Singapore [25]. In Cambodia, we found
that any one of the WS was associated with a high sensitiv-
ity (93 %) but a low specificity (47 %) in predicting con-
comitant laboratory-confirmed diagnosis of a severe form
of dengue. In resource-limited settings, this might put
additional pressure on an already overburdened healthcare
system, especially during annual dengue epidemics. Thus,
the presence of several WS would improve the specificity
(up to 91 % with at least three WS present) in predicting
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severe disease at the expense of sensitivity and might be an
appropriate strategy in countries like Cambodia.

This study adds further evidence for the usefulness of
WS. The absence of any WS at hospital admission is
strongly associated with non-severe dengue, even in the
absence of laboratory confirmation of dengue. Such
cases are routinely managed at the outpatient depart-
ment. The presence of a single WS at admission was
found to be insufficiently specific to predict a concurrent
laboratory-confirmed diagnosis of a severe outcome of
dengue. Therefore, our results strongly suggest that
dengue-suspected cases with two or more WS should be
admitted, since this predicts severe dengue with a sensi-
tivity of 74 % and a specificity of 83 %.

This study has some limitations. First, the data were col-
lected among inpatients at a referral pediatric hospital in
Phnom Penh, whose patient population may be biased to-
wards patients with more severe diseases than those of
hospitals at peripheral health center level. Thus, these
findings might not describe the full spectrum of dengue in
Cambodia and, hence, might not be fully representative of
areas with different dengue transmission patterns or sero-
types, or where patients seek medical care later in the
course of illness. Because of limited resources, it was not
possible to run additional biological tests to investigate
the etiologies of the other febrile illnesses. Further efforts
should be made to validate the findings in other epidemio-
logical contexts. Second, there were incomplete data for
certain variables (i.e. results of the tourniquet tests and
AST/ALT), although we have no reason to suspect that
this introduced a bias. Third, because of limited resources,
we were unable to test the 482 patients who did not fulfill
the WHO criteria for dengue on admission and who rep-
resented a significant number of the patients with fever
(40 %). It is likely we missed some dengue cases by relying
solely on the WHO criteria. The median duration of
hospitalization was short (3 days), and a significant num-
ber of patients did not have a convalescent sera collected.
This could have caused misclassification of non-lab con-
firmed cases. DENV-1 was the predominant serotype
identified during the study period, and it was not possible
to explore the effects of other dengue serotypes; this might
affect the generalizability of our results, which remain
context-specific. Finally we analyzed clinical data at hos-
pital admission, and because of sample size limitation, we
were unable to analyze the predictors for the progression
to severe disease following hospital admission. Finally, the
limited number of recruited cases limits the possibility to
conduct further stratified analysis by dengue serotypes or
time periods. The complex interaction between climatic
factors and the risk of dengue infection in this setting has
already been highlighted [9].

Considering these limitations, and although dengue
presentation can vary, the strength of this study is that it
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directly relates to the most severe aspects of dengue,
which can cause not only morbidity but also mortality.
Furthermore, our study took place over two seasons in a
hospital receiving cases referred from many areas in the
country. The inclusion criteria and study monitoring
were rigorously applied; all patients were systematically
and thoroughly assessed, and testing was performed in
an internationally recognized laboratory. Finally, there
were few missing data, and we have no reason to believe
that missing data were not randomly distributed across
the study records. The study also reinforces the need to
educate clinicians on key parameters for triage and case
management in a context where laboratory diagnosis
may not be easily available.

Conclusions

We have described the clinical features of dengue among
children in a referral hospital in Phnom Penh, Cambodia.
Our study indicates that the addition of simple clinical pa-
rameters and first-line laboratory findings could be better
used to predict concurrent laboratory-confirmed diagnosis
of a severe form of dengue at hospital admission. While
our findings remain context-specific, we demonstrate that
the inclusion of multiple warning signs more accurately
predicts a concomitant laboratory-confirmed diagnosis of
severe disease at hospital admission, thereby optimizing
triage in settings with limited laboratory resources. While
some improvements can be achieved with these clinical
parameters, access to dengue rapid diagnostic tests and
basic laboratory testing should also be prioritized in
resource-limited settings.
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