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Abstract

Dengue is a major public health problem worldwide. Although several drug candidates have

been evaluated in randomized controlled trials, none has been effective and at present,

early recognition of severe dengue and timely supportive care are used to reduce mortality.

While the first dengue vaccine was recently licensed, and several other candidates are in

late stage clinical trials, future decisions regarding widespread deployment of vaccines and/

or therapeutics will require evidence of product safety, efficacy and effectiveness. Standard,

quantifiable clinical endpoints are needed to ensure reproducibility and comparability of

research findings. To address this need, we established a working group of dengue

researchers and public health specialists to develop standardized endpoints and work

towards consensus opinion on those endpoints. After discussion at two working group meet-

ings and presentations at international conferences, a Delphi methodology-based query

was used to finalize and operationalize the clinical endpoints. Participants were asked to

select the best endpoints from proposed definitions or offer revised/new definitions, and to
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indicate whether contributing items should be designated as optional or required. After the

third round of inquiry, 70% or greater agreement was reached on moderate and severe

plasma leakage, moderate and severe bleeding, acute hepatitis and acute liver failure, and

moderate and severe neurologic disease. There was less agreement regarding moderate

and severe thrombocytopenia and moderate and severe myocarditis. Notably, 68% of par-

ticipants agreed that a 50,000 to 20,000 mm3 platelet range be used to define moderate

thrombocytopenia; however, they remained divided on whether a rapid decreasing trend or

one platelet count should be case defining. While at least 70% agreement was reached on

most endpoints, the process identified areas for further evaluation and standardization

within the context of ongoing clinical studies. These endpoints can be used to harmonize

data collection and improve comparability between dengue clinical trials.

Author summary

Dengue is a major public health problem worldwide. Although several drug candidates

have been evaluated in randomized controlled trials, none has been effective, and early

recognition of severe dengue and timely supportive care remain the only means to reduce

mortality. While the first dengue vaccine was recently licensed, and several other candi-

dates are in late stage clinical trials, future decisions regarding deployment of such vac-

cines or therapeutics will require evidence of product safety, efficacy and effectiveness.

Standard, quantifiable clinical endpoints are needed to ensure reproducibility and compa-

rability of research findings. To address this need, we established a working group of den-

gue researchers, vaccine developers, and public health specialists to develop endpoints.

After two working group meetings and discussions at international meetings, the Delphi

methodology was used to clarify and further develop endpoints such that 70% or greater

agreement was reached on most endpoint definitions including moderate and severe

plasma leakage, moderate and severe bleeding, acute hepatitis and acute liver failure, and

moderate and severe neurologic disease. The process identified areas for further evalua-

tion and standardization within the context of ongoing clinical studies. The endpoints can

be used to harmonize data collection and improve comparability between dengue clinical

trials.

Introduction

Dengue is a major public health problem worldwide, with an estimated 3.9 billion people at

risk globally [1]. While most dengue virus (DENV) infections are asymptomatic or result in a

self-limited acute febrile illness (AFI), some are life-threatening due to severe plasma leakage,

severe bleeding, or, less frequently, severe organ impairment [2, 3]. Although several antiviral

and immunomodulatory drug candidates have been evaluated in randomized controlled trials,

none have been shown to be effective in treating dengue or preventing its severe manifesta-

tions [4, 5]. At present, early recognition of severe dengue and timely supportive care are used

to reduce mortality [6–8]. However, the first dengue vaccine was recently licensed, and there

are several other dengue vaccine candidates in late-stage clinical trials [9].

Future decisions regarding the use of candidate dengue vaccines and therapeutics will

require evidence of product safety and efficacy, as well as demonstration of vaccine effective-

ness in reducing disease burden. The current guidelines for evaluation of dengue vaccines in
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endemic areas recommend that the primary efficacy endpoint be prevention of virologically-

confirmed dengue of any severity [10]. However, these guidelines also recommend that sec-

ondary endpoints be developed to measure outcomes such as the vaccine’s effect on severity of

disease, clinical presentation, and atypical cases. In recent years, there has been increasing rec-

ognition among the dengue scientific community that establishing standard, quantifiable clini-

cal endpoints that can be applied across a range of research activities are an important step

towards ensuring that study methodology and implementation are reproducible [11–13].

Adoption of standard endpoints should greatly facilitate comparison between interventional

trials conducted in diverse clinical settings, may help prevent biased reporting of selective out-

comes or post hoc analyses, and could also prove useful for studies focused on understanding

disease pathogenesis.

In January 2015, the National Institute of Allergy and Infectious Diseases (NIAID), part of

the National Institutes of Health, and the Partnership for Dengue Control (PDC) convened an

expert working group to develop standard clinical endpoints to measure moderate and severe

manifestations of dengue in clinical research studies. The primary aim was to improve compa-

rability of severity of dengue disease assessments among clinical trials. Importantly, the clinical

endpoints developed as part of this endeavor are intended only for use as research tools and

are not meant to replace current World Health Organization (WHO) case classification for

dengue [3]. The WHO 2009 classification is intended to be broadly applicable in clinical set-

tings and for disease surveillance, and differentiates between dengue, dengue with warning

signs, and severe dengue, based on readily accessible clinical information. However, it is of

limited use in clinical research because criteria for severe disease are not well-defined [14].

This could affect reproducibility between research sites, even within the same country. Further

refinement and granularity is needed to develop international standards for the detailed dis-

crimination of clinical phenotypes for use in interventional trials and pathogenesis studies

[12]. In addition, severe dengue is thought to be an infrequent event, and several less severe

manifestations that require medical intervention contribute disproportionately to disease bur-

den [15]; therefore, inclusion of an intermediate endpoint, “moderately severe dengue”, was

felt to be important. A group of 27 dengue researchers from academia, government, industry

and public health specialists from 14 countries were invited to participate in at least one group

by task: 1.) clinical endpoint development, 2.) endpoint validation, and 3.) development of a

tool to characterize febrile illness experience. In this paper, we summarize the progress to date

of the clinical endpoint development group.

Methods

Twenty-two of the 27 participants volunteered to be part of the clinical endpoint development

group which was divided into three work groups tasked with reviewing the literature to iden-

tify potential research endpoints from publications describing clinical dengue studies, and

those developed by international medical organizations for more general use. The three groups

were asked to develop endpoints for moderate and severe plasma leakage, bleeding, thrombo-

cytopenia, liver disease, neurologic disease, and myocarditis, that were measurable, reproduc-

ible, and implementable in diverse settings. Work groups met by phone to review results from

their literature review for each endpoint and discuss potential endpoint definitions. Work

groups then presented and led a discussion on their proposed endpoints during a 2-day work-

shop with 56 participants from 16 countries, at two large international meetings, and at a final

1-day workshop with participants from the first workshop. Following these discussions, the

Spiral Research Center at the University of Liège in Belgium queried participants using Delphi

methodology to refine and operationalize the clinical endpoints.

Clinical endpoints for use in dengue interventional studies
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The Delphi methodology is a structured tool that creates conditions that are favorable for a

convergence of opinions while allowing moderators to discern points of dissent [16]. The pro-

cess consisted of three rounds of inquiries, which were administered electronically using

Mesydel software [17]. In the first round, participants were asked to select the best endpoint

among a list of proposed endpoints to characterize disease outcomes among clinical trial par-

ticipants with laboratory-confirmed dengue (Table 1). They were given the opportunity to pro-

pose another endpoint or offer ideas on how to improve their preferred endpoint in an open-

ended question. Questions about endpoints were paired with questions about how to operatio-

Table 1. Proposed clinical endpoint definitions.

Proposed Clinical Endpoint Definitions Options

Moderate plasma leakage.
Definition A–Participant meets either criteria: 1.) > 15% change in hematocrit, or 2.) evidence of fluid on U/S or x-

ray, without hemodynamic compromise or respiratory compromise.

Definition B–Participant must meet both criteria: 1.) > 20% change in hematocrit with or without evidence of fluid

on U/S or x-ray, and 2.) no hemodynamic compromise or respiratory compromise.

Severe plasma leakage.
Definition A–Participant meets two criteria: 1.) presence of shock or respiratory compromise, and 2.) evidence of

plasma leakage.

Definition B–Participant meets all three criteria: 1.) presence of shock or respiratory compromise, and 2.) evidence

of plasma leakage, AND 3.) >20% change in hematocrit (peak compared to baseline or post-recovery value).

Respiratory compromise.
Participant has all three of following criteria: 1.) increased respiratory rate for age; 2.) sign of increased work of

breathing (e.g., retractions, nasal flaring, accessory muscle use); and 3.) need for additional support to include

oxygen supplementation or intubation.

Hemodynamic instability.
Participant has either a narrow pulse pressure less than or equal to 20 mmHg OR low systolic blood pressure (SBP)

for age OR drop in SBP >40 during course of the illness (e.g., in adult with chronic hypertension); AND participant

has two or more signs of shock including: 1.) elevated heart rate for age, 2.) pale, cool skin, 3.) thready, weak pulse,

or 4.) capillary refill delayed >2 seconds.

Hemoconcentration.

Definition A–any hematocrit reading >50%.

Definition B–maximum hematocrit to baseline hematocrit change of >15% or >15% above normal for age and sex.

Definition C–maximum recorded hematocrit above stabilized hematocrit at discharge >20%, or >20% above

normal hematocrit for age & sex.

Baseline hematocrit.
Definition A–the lowest value recorded during the acute illness, with no specification on the number or timing of

the values obtained.

Definition B–the lowest value from a minimum of 3 values obtained during the acute illness either 1.) before

plasma leakage becomes apparent (day 1–3), OR 2.) after plasma leakage stabilizes (day 8 or more, a minimum of 24

hours after stopping IV fluid), OR 3.) a convalescent value obtained at follow-up within 28 days of illness onset.

Definition C–Maximum recorded hematocrit above stabilized hematocrit at discharge >20%, or above normal

hematocrit for age and sex.

Definition D–the lowest value from a minimum of 3 values obtained during the acute illness either 1.) before

plasma leakage becomes apparent (day 1–3), OR 2.) after plasma leakage stabilizes (day 8 or more, a minimum of 24

hours after stopping IV fluid), OR 3.) a convalescent value obtained at follow-up within 28 days of illness onset. If

not suitable value is available, use the population mean for age and sex.

Maximum hematocrit.
Definition A–the peak value recorded during the acute illness, with no specification on the number or timing of the

values obtained.

Definition B–the peak value obtained within the time-period consistent with expected plasma leakage (day 4–8

from fever onset) with a minimum of three values obtained during the acute illness.

Definition C–maximum recorded hematocrit above stabilized hematocrit at discharge >20%, or above normal

hematocrit for age and sex.

Definition D–the peak value obtained at any time, from a minimum of 3 values obtained during the acute illness.

Modified Definition–highest hematocrit value recorded during the acute illness taken during the time-period

consistent with expected plasma leakage (day 4–8 after fever onset) or within 48 hours of defervescence.

(Continued)
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Table 1. (Continued)

Proposed Clinical Endpoint Definitions Options

Moderate bleeding.
Definition A–No evidence of shock or hemodynamic instability BUT intervention needed including: a) type and

crossmatch even if blood is not given, or b) local intervention needed.

Definition B–Large skin/injection site bleeding needing pressure compress.

Definition C–Nose/gum bleeding needing local intervention (e.g., nasal or gum packing, use of adrenaline).

Definition D–Gastrointestinal bleeding without shock or hemodynamic instability or need for blood product BUT

the bleed warrants crossmatch, closer monitoring.

Definition E–Macroscopic hematuria.

Definition F–Vaginal bleeding with need for hormonal therapy or type and crossmatch.

Definition G–Eye bleeding (not including conjunctival hemorrhage or petechiae) that does not affect vision.

Severe bleeding.
Definition A–Any bleeding into a critical organ (e.g., CNS bleed).

Definition B–Any bleeding leading to hemodynamic instability.

Definition C–Any bleeding resulting in death or permanent disability (e.g., CNS bleed; intraocular bleed).

Definition D–Any bleeding that results in need for blood transfusion AND bleed requires more intensive

monitoring (ICU or HDU). [Note: prophylactic platelet transfusions or FFP given for lab values (i.e., no clinical

indication) do not count and are not case defining].

Definition E–Any bleeding that persists after measures are taken to stop bleeding (e.g., application of pressure)

AND bleed requires more intensive monitoring in a ICU or HDU.

Moderate thrombocytopenia.

Definition A–More intensive observation on a regular ward, or transfer to HDU or ICU depending on facilities

available WITH decreasing trend in platelets from 100,000 to 50,000 per cubic millimeter (mm3) within 24 hours.

Definition B–More intensive observation on a regular ward, or transfer to HDU or ICU depending on facilities

available WITH decreasing trend in platelets from 50,000 to 20,000 mm3 within 24 hours.

Definition C–More intensive observation on a regular ward, or transfer to HDU or ICU depending on facilities

available WITH one platelet level between 50,000–20,000 mm3.

Severe thrombocytopenia.

Definition A–More intensive observation on a regular ward, or transfer to HDU or ICU depending on facilities

available WITH decreasing trend in platelets from 50,000 to 20,000 mm3 within 24 hours.

Definition B–More intensive observation on a regular ward, or transfer to HDU or ICU depending on facilities

available WITH decreasing trend in platelets from 20,000 mm3 downward within 24 hours.

Definition C–More intensive observation on a regular ward, or transfer to HDU or ICU depending on facilities

available WITH one platelet level less than 20,000 mm3.

Definition D–More intensive observation on a regular ward, or transfer to HDU or ICU depending on facilities

available WITH one platelet level less than or equal to 5,000 mm3.

Moderate liver disease (acute hepatitis).
Definition A–Participant meets all 3 criteria: 1.) has an acute illness with discrete onset of signs and symptoms

consistent with acute viral hepatitis (e.g., fatigue, abdominal pain, loss of appetite, intermittent nausea, vomiting,

dark urine, clay-colored or light stools); 2.) alanine aminotransferase (ALT) is greater than 10 times the upper limit

of normal consistent with grade 4 toxicity in the FDA 2007 toxicity tables or > = 400 U/L; and 3.) they do not meet

criteria for acute liver failure (ALF) (i.e., no mental status changes and international normalized ratio (INR) <1.5).

Definition B–Participant meets all 3 criteria: 1.) has an acute illness with discrete onset of signs and symptoms

consistent with acute viral hepatitis (as defined in Definition A), 2.) ALT is greater or equal to 1000 U/L, and 3.) they

do not meet criteria for ALF.

Severe liver disease (acute liver failure).
Definition A–Participant meets all 3 criteria: 1.) has an acute clinical syndrome consistent with acute hepatitis;

AND 2.) new onset change in mental status or any grade of hepatic encephalopathy that occurs after onset of

hepatitis; AND 3.) new onset coagulopathy as demonstrated by an international normalized ratio (INR) > = 1.5.

Definition B–Participant meets all 3 criteria: 1.) has an acute clinical syndrome consistent with acute hepatitis with

new onset jaundice; AND 2.) new onset change in mental status or any grade of hepatic encephalopathy that occurs

after onset of jaundice; AND 3.) new onset coagulopathy as demonstrated by an INR > = 1.5.

Moderate neurologic disease.
Definition A–Participant meets two criteria: 1.) they have an abnormal neurologic examination; AND 2.) they DID

NOT receive or were not thought to require intubation, shunting or intensive care.

Definition B–Participant meets two criteria: 1.) they have an abnormal neurologic examination; AND 2.)

neurologic involvement DOES NOT result in death or ongoing sequelae that impairs daily function.

Definition C–Participant meets all three criteria: 1.) they have an abnormal neurologic examination; 2.) they DID

NOT receive or were not thought to require intubation, shunting or intensive care; and 3.) neurologic involvement

DOES NOT result in death or ongoing sequelae that impairs daily function. [NOTE: This definition will include

transient mild encephalopathy defined by Glasgow Coma Score�12 but less than 15 for <2 days duration or other

neurologic disease that cannot be defined as severe (e.g., aseptic meningitis)].

(Continued)
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nalize the endpoint in terms of timing and type of data to be collected including clinical labo-

ratory tests, physical exams, and medical procedures.

The software automatically centralized all data for tabulation and a qualitative content anal-

ysis was done for open-ended questions and a quantitative analysis for closed-ended questions.

Table 1. (Continued)

Proposed Clinical Endpoint Definitions Options

Severe neurologic disease.
Definition A–Participant has an abnormal neurologic examination AND they received or were thought to require

intubation, shunting or intensive care.

Definition B–Participant has an abnormal neurologic examination AND neurologic involvement results in death or

ongoing sequelae that impairs daily function.

Definition C–Participant has an abnormal neurologic examination and: 1.) neurologic involvement that results in

death or ongoing sequelae that impairs daily function; and /or 2.) they received or were thought to require

intubation, shunting or intensive care.

Modified Definition C–Participant has an abnormal neurologic examination with a Glasgow Coma Score <11 in

adults or a Pediatric Glasgow Coma Scale <11 or a Blantyre coma score <3 in children; AND subject has: 1.)

neurologic involvement resulting in death or ongoing sequelae that impairs daily function, and /or 2.) they received

or were thought to require intubation, shunting, or intensive care or HDU level of care if an ICU is not available.

Proposed items to be collected for dengue laboratory-confirmed cases with moderate or severe neurologic
involvement
1.) History of clinical course including signs and symptoms and level of intervention needed; 2.) Findings from

physical and neurologic examination including Glasgow Coma Scale for adults and BCS for children; 3.) Findings

from CSF examination (cells, protein, glucose, etc.); 4.) Results of PCR of CSF for DENV; 5.) Findings from CSF and

serum assays done to rule out co-infection with other infectious agent (i.e., offer check list to done based on

circulating viruses and endemic pathogens: e.g., Zika virus, West Nile virus, Japanese encephalitis virus, YFV,

malaria, etc.); 6.) Findings from brain imaging: CT scan or MRI of brain; 7.) Findings from EMG if case presents

with Guillain-Barré Syndrome or other paralytic condition; and 8.) Findings from brain tissue histopathology if trial

participant dies.

Moderate myocarditis.
Definition A–Participant meets either criteria: 1.) has an acute illness with discrete onset of signs and symptoms

consistent with acute viral myocarditis (e.g., elevated troponin, CPK-MB, or ST2 above the laboratory ULN); or 2.)

has evidence of cardiac arrhythmia and/or ST elevation > 1mm, QRS complex changes (Q waves > 0.04 sec and

>0.25 of the amplitude of R wave or symmetric negative T waves.

Definition B–Participant meets both criteria: 1.) has an acute illness with discrete onset of signs and symptoms

consistent with acute viral myocarditis (e.g., elevated troponin, CPK-MB, or ST2 above the laboratory ULN); and 2.)

has evidence of cardiac arrhythmia and/or ST elevation > 1mm, QRS complex changes (Q waves > 0.04 sec and

>0.25 of the amplitude of R wave or symmetric negative T waves.

Severemyocarditis.
Definition A–Participant meets either criteria 1 or 2, plus criteria 3: 1.) has an acute illness with discrete onset of

signs and symptoms consistent with acute viral myocarditis (e.g., elevated troponin, CPK-MB, or ST2 above the

laboratory ULN); or 2.) has evidence of cardiac arrhythmia and/or ST elevation > 1mm, QRS complex changes (Q

waves > 0.04 sec and >0.25 of the amplitude of R wave), or symmetric negative T waves AND 3. need for inotropic

support.

Definition B–Participant meets all three criteria: 1.) has an acute illness with discrete onset of signs and symptoms

consistent with acute viral myocarditis (e.g., elevated troponin, CPK-MB, or ST2 above the laboratory ULN); 2.) has

evidence of cardiac arrhythmia and/or ST elevation > 1mm, QRS complex changes (Q waves > 0.04 sec and >0.25

of the amplitude of R wave), or symmetric negative T waves; and 3. need for inotropic support.

Revised Definition A–Participant meets criteria 1 or 2, plus criteria 3: 1.) has an acute illness with discrete onset of

signs and symptoms consistent with acute viral myocarditis (e.g., elevated troponin, CPK-MB, or ST2 above the

laboratory ULN); or 2.) has evidence of cardiac arrhythmia and/or ST elevation > 1mm, QRS complex changes (Q

waves > 0.04 sec and >0.25 of the amplitude of R wave) or symmetric negative T waves; and 3.) needs inotropic

support AND has evidence of myocardial dysfunction from echocardiogram, that is, reduced left ventricular

function, despite adequate filling of left ventricle (normal left ventricle end diastolic diameter.

Newly Revised Definition A–Participant meets criteria 1 or 2, plus criteria 3: 1.) has an acute illness with discrete

onset of signs and symptoms consistent with acute viral myocarditis (e.g., elevated troponin, CPK-MB, or ST2 above

the laboratory ULN); or 2.) has evidence of cardiac arrhythmia and/or ST2 elevation > 1mm, QRS complex changes

(Q waves > 0.04 sec and >0.25 of the amplitude of R wave), or symmetric negative T waves; and 3 a.) needs

inotropic support AND/OR 3 b.) has evidence of myocardial dysfunction from echocardiogram, that is, reduced left

ventricular function and has normal volume status (i.e., normal left ventricle end diastolic diameter on ECHO

indicating adequate filling of left ventricle).

https://doi.org/10.1371/journal.pntd.0006497.t001
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Anonymous responses were used to modify the endpoint and operational recommendations

in successive rounds until at least 70% agreement, a pre-specified cut-off, of those responding

to a given question was reached. If an endpoint definition proposed in round 1 did not reach

at least 70% agreement, suggestions from the paired open-ended round 1 question on how to

improve the endpoint were used to modify the endpoint. The original endpoint and the modi-

fied endpoint(s) would be offered in round 2. This allowed a focus on more uncertain or prob-

lematic endpoints in the next round. At the start of each new round, participants were

provided a summary of the results from the previous round. Participants were given 2 to 3

weeks to respond in each round. Reminder emails were sent about one week before the close

of each round and again 24 hours before the deadline. The Humanities and Social Sciences

Ethics Committee at the University of Liège reviewed and approved the study protocol.

Results

Twenty-six invitations were sent out. There were 22 active respondents (defined as persons who

answered at least one question) in the first round with 91% completing all non-conditional ques-

tions, 19 active respondents (94% completion rate) in the second round, and 18 active respon-

dents (92% completion rate) in the third round (Fig 1). Professional sector activities were as

follows: 27% industry/vaccine developers, 54% academia, 27% public health, 35% clinical sector,

35% governmental sector, and 4% non-governmental organization. Participants reported work-

ing in 27% North America, 12% South-East Asia, 8% South America, 8% Central America, 8%

Western Pacific, 8% Europe, and 4% Africa. One in four participants (27%) reported working in

two or more countries or regions. Most (92%) reported acting in the capacity of a dengue expert.

Moderate and severe plasma leakage

Most symptomatic dengue patients start to recover around the time of defervescence, usually

between days 3–7 of illness. However, in a small proportion of cases, an increase in vascular

permeability becomes clinically apparent around this time, marking the onset of the critical

phase for complications. The altered permeability results in plasma leakage, evidenced vari-

ously by pleural effusions, ascites, hemoconcentration and/or hypoproteinaemia. In severe

cases and in the absence of appropriate fluid resuscitation, leakage may compromise the circu-

lating plasma volume so that the patient develops potentially life-threatening hypovolemic

shock [18]. Based on a literature review, definitions for moderate and severe plasma leakage

were developed and presented to participants (Table 1). To operationalize the endpoints,

hemoconcentration was defined as a>15% or >20% change in hematocrit [19, 20].

In round 1, the majority (73%) of participants preferred moderate plasma leakage Defini-

tion A, which relies on a hematocrit change of>15%, over Definition B which relies on a

hematocrit change of>20% (Table 1 and S1 Table). While 64% selected severe plasma leakage

Definition A in round 1 (Table 1 and S1 Table), by round 3 the majority (72%) of participants

felt that different hematocrit cut-offs should be used for moderate versus severe plasma leakage

and that a>20% cut-off should be used for severe plasma leakage. When asked to select other

case-defining factors that should be captured as “evidence of plasma leakage,” which was part

of severe plasma leakage Definition A, most selected pleural effusion (79%) and ascites (79%).

The majority of participants felt that gallbladder wall thickening on its own was insufficient

evidence of plasma leakage (74%) and that hypoproteinemia should not be case-defining

(72%). Options were given to refine the endpoint definitions, and most (83% and 78%, respec-

tively) agreed to add two caveats to the definitions: 1.) “pleural effusion, ascites, or cardiac effu-

sion is a new clinical finding and unrelated to another cause”, and 2.) “if a cardiac effusion is

detected without concurrent pleural effusion or ascites then another diagnosis should be
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considered—such as myocarditis”. Lastly, most participants agreed with the proposed defini-

tions of respiratory compromise (83%) and hemodynamic instability (78%) (Table 1).

Hemoconcentration. A change in hematocrit from a baseline value is required to define

hemoconcentration. The majority (77%) of participants chose baseline hematocrit definitions

B or D, which differed only by allowing use of population standards for hematocrit (Table 1

and S1 Table). However, in round 2 no agreement was reached regarding whether population

standards can be used when no other value is available, so this was not included in the final

definition (Table 2). After two rounds of discussion, most (83%) participants agreed with

defining maximum hematocrit as the peak value recorded during the acute illness taken during

a period consistent with expected plasma leakage (day 4–8 from fever onset) or within 48

hours of defervescence (S1 Table and Table 2).

Moderate and severe bleeding

Bleeding is a common manifestation in dengue patients, with cutaneous bleeding, epistaxis or

gum bleeding being more common than gastrointestinal or vaginal hemorrhage [6, 20–27].

The frequency and severity of clinically significant bleeding is thought to vary by patient age

Fig 1. Participants in the Delphi inquiry.

https://doi.org/10.1371/journal.pntd.0006497.g001
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Table 2. Summary of final clinical endpoint definitions and operational considerations.

Clinical Endpoint Definitions Operational Considerations

Moderate plasma leakage. Clinical trial participant, with no evidence of

hemodynamic instability or respiratory compromise, has evidence of plasma

leakage defined by: 1.) >15% change in hematocrit during the illness, and/or 2.)

evidence of a new pleural effusion, pericardial effusion, or ascites on ultrasound or

x-ray.

• The key clinical feature that differentiates moderate from severe plasma leakage

cases is the absence of hemodynamic instability and/or respiratory compromise

resulting from plasma leakage (i.e., not the result of bleeding, sepsis or secondary

infection).

• To determine if a clinical trial participant has evidence of plasma leakage, the

following data should be collected: 1.) percent change in hematocrit during the

illness (e.g., an increase in hematocrit during critical period from baseline

hematocrit); and 2.) presence of a pleural effusion, ascites, and/or cardiac effusion.

� Effusions should be new and not attributable to another cause or underlying

medical condition. If a cardiac effusion is detected without concurrent pleural

effusion or ascites, another diagnosis should be considered, such as myocarditis.

� Gallbladder wall thickening on its own (i.e., without another effusion) is not

sufficient evidence of plasma leakage.

�Hypoalbuminemia or hypoproteinemia on its own is not sufficient evidence of

plasma leakage.

• Hemoconcentration is defined by the formula: (maximum hematocrit–baseline

hematocrit) / baseline hematocrit x 100), with a minimum of three values obtained

during the acute illness.

� Baseline hematocrit is defined as the lowest hematocrit value from among the

following: 1.) before plasma leakage typically becomes apparent (first 72 hours of

illness) or at study entry, 2.) after plasma leakage stabilizes (day 8 or more, a

minimum of 24 hours after stopping IV fluid), or 3.) at a follow-up visit during

convalescence (i.e., 14 to 28 days after onset).

�Maximum hematocrit is defined as the highest hematocrit value recorded during

the acute illness taken during the time-period consistent with expected plasma

leakage (day 4–8 after fever onset) or within 48 hours of defervescence.

Severe plasma leakage. Clinical trial participant has evidence of hemodynamic

instability or respiratory compromise, and evidence of plasma leakage defined by:

1.) >20% change in hematocrit during the illness; and/or 2.) evidence of a new

pleural effusion, pericardial effusion, and ascites on ultrasound or x-ray.

• Hemodynamic instability is defined by presence of narrow pulse pressure less

than or equal to 20 mmHg, or low systolic blood pressure (SBP) for age, or a drop

in SBP >40 during course of the illness (e.g., in adult with chronic hypertension);

and two or more signs of shock including: 1.) elevated heart rate for age; 2.) pale,

cool skin; 3.) thready, weak pulse; or 4.) capillary refill delayed >2 seconds.

• Respiratory compromise is defined by presence of: 1.) an increased respiratory

rate for age; 2.) one or more signs of increased work of breathing (e.g., retractions,

nasal flaring, accessory muscle use); and 3.) need for additional support to include

oxygen supplementation or intubation.

Moderate bleed. Clinical trial participant has bleeding with no evidence of shock

or hemodynamic instability, but a local intervention is needed. This includes the

following bleeds:

• Large skin/injection site bleed needing pressure compress;

• Nose/gum bleed needing local intervention (e.g., nasal or gum packing, use of

adrenaline);

• Gastrointestinal bleeding without shock or hemodynamic instability, or need for

blood product but the bleed warrants that a type and crossmatch be done and

closer monitoring;

• Vaginal bleed with need for hormonal therapy and type and crossmatch to be

done;

• Any bleed that persists after local measures are taken to stop bleeding (e.g.,

application of pressure) and bleed requires more intensive monitoring in an ICU

or HDU. [Note: there was no need for blood transfusion.]

When collecting data to describe and determine the severity of bleeding among

clinical trial participants, investigators should consider the following:

• Finding that a type and cross match was ordered does not serve as a reliable

indicator of bleeding severity. That is, it does not meet criteria as a local

intervention on its own.

• Periorbital bleed with periorbital swelling can be a moderate bleed if it requires

need for pressure compress (see large skin/injection site bleed needing pressure

compress).

• “Need for blood transfusion” should be defined as needing whole blood or

packed red blood cells. If fresh frozen plasma, platelets or factor concentrates are

given without whole blood or packed red blood cells then it is unlikely that the

bleed is clinically severe. Prophylactic platelet transfusions or fresh frozen plasma

given for clinical laboratory values (i.e., no clinical indication) are not case

defining.

• The finding of macroscopic hematuria alone is not considered a moderate bleed.

May be considered as a moderate bleed if a local intervention is needed.
Severe bleed. Clinical trial participant has any one of the following four types of

bleeding listed below:

• Bleed into a critical organ (e.g., CNS bleed)

• Bleed leading to hemodynamic instability

• Bleed resulting in death or permanent disability (e.g., CNS bleed; intraocular

bleed)

• Bleed that results in need for blood transfusion AND requires more intensive

monitoring in an ICU or HDU.

(Continued)
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Table 2. (Continued)

Clinical Endpoint Definitions Operational Considerations

Moderate thrombocytopenia. Clinical trial participant has a platelet count in the

range of 50,000 to 20,000 mm3 during the illness, and requires more intensive

observation on a regular ward, or transfer to HDU or ICU depending on facilities

available.

• One platelet count daily during the critical phase should be adequate to

determine if the patient meets clinical endpoint definition for moderate versus

severe thrombocytopenia.

Severe thrombocytopenia. Clinical trial participant has a platelet count less than

20,000 mm3 during the illness, and requires more intensive observation on a

regular ward, or transfer to HDU or ICU depending on facilities available.

Moderate liver disease (acute hepatitis). Clinical trial participant meets all 3

criteria: 1.) has an acute illness with discrete onset of signs and symptoms

consistent with acute viral hepatitis (e.g., fatigue, abdominal pain, loss of appetite,

intermittent nausea, vomiting, dark urine, clay-colored or light stools); 2.) alanine

aminotransferase (ALT) greater than 10 times the upper limit of normal

consistent with grade 4 toxicity in the FDA 2007 toxicity tables or > = 400 U/L;

and 3.) does not meet criteria for acute liver failure (i.e., no mental status changes

and international normalized ratio (INR) <1.5).

• Recommend use of acute hepatitis as the moderate liver disease endpoint and

acute liver failure as a severe liver disease endpoint.

• ALT should be evaluated for all dengue clinical trial participants with an acute

febrile illness.

• Two or more ALT measurements should be done depending on severity of illness

with a third ALT (or more) recommended if the case is severe, the second ALT is

elevated, or local clinical practice dictates that more ALT measurements be done.

Severe liver disease (acute liver failure). Clinical trial participant meets all 3

criteria: 1.) has an acute clinical syndrome consistent with acute hepatitis; 2.) new

onset change in mental status or any grade of hepatic encephalopathy that occurs

after onset of hepatitis; and 3.) new onset coagulopathy as demonstrated by an

international normalized ratio (INR) greater than or equal to 1.5.

Moderate neurologic disease. Clinical trial participant meets all 3 criteria: 1.) has

an abnormal neurologic examination with a Glasgow Coma Score�12 but less

than 15 for <2 days duration; 2.) neurologic involvement did not result in need

for intubation, shunting or intensive care; and 3.) neurologic involvement did not

result in death or ongoing sequelae that impairs daily function for more than 48

hours.

• Clinical trial participants with an acute febrile illness and new onset neurologic

condition, should have a neurologic examination documented in the record

including Glasgow Coma Scale for adults and Blantyre coma score for children. To

define if a trial participant meets criteria for moderate or severe neurologic disease,

a history of the clinical course, including signs and symptoms, duration of

findings, and level of intervention needed or received, should be collected.

• Laboratory-confirmed dengue cases should have their neurologic condition

classified using evidence-based definitions developed by consensus groups (e.g.,

the Brighton Collaboration definitions). Other data that may need to be collected

to classify the neurologic case include:

� Findings from cerebral spinal tap including cerebral spinal fluid (CSF)

examination of cells, protein and glucose level, etc.

� Results of the CSF PCR for DENV.

� Findings from CSF and serum diagnostic assays done to rule out co-infection

with other neurotropic pathogens in the area (e.g., Zika virus, West Nile virus,

Japanese encephalitis virus, YFV, malaria, etc.).

� Findings from brain imaging: CT scan or MRI of brain.

� Findings from EMG. Cases with signs and symptoms consistent with Guillain–

Barré syndrome or another paralytic condition should have EMG done if available.

� Findings from the brain tissue histopathology if autopsy is done. Tissue may be

needed to make a definitive diagnosis as per Brighton Collaboration definitions.

Severe neurologic disease. Clinical trial participant has an abnormal neurologic

examination with a Glasgow Coma Score <11 in adults or a Pediatric Glasgow

Coma Scale <11 or a Blantyre coma score <3 in children; AND subject has: 1.)

neurologic involvement resulting in death or ongoing sequelae that impairs daily

function, and /or 2.) they received or was thought to require intubation, shunting,

or intensive care or high dependency unit level of care if an intensive care unit is

not available.

Moderate myocarditis. Clinical trial participant meets either criteria: 1.) has an

acute illness with discrete onset of signs and symptoms consistent with acute viral

myocarditis (e.g., elevated troponin, CPK-MB, or ST2 above the laboratory upper

limits of normal), or 2.) has evidence of new onset cardiac arrhythmia and/or ST2

elevation > 1mm, QRS complex changes (Q waves > 0.04 sec and >0.25 of the

amplitude of R wave), or symmetric negative T waves.

• An electrocardiogram (ECG) should be conducted on clinical trial participants

with an acute febrile illness who develop clinical cardiac signs and symptoms

consistent with myocarditis

Severemyocarditis. Clinical trial participant meets either criteria 1 or 2, plus

criteria 3: 1.) has an acute illness with discrete onset of signs and symptoms

consistent with acute viral myocarditis (e.g., elevated troponin, CPK-MB, or ST2

above the laboratory ULN); or 2.) has evidence of new onset cardiac arrhythmia

and/or ST elevation > 1mm, QRS complex changes (Q waves > 0.04 sec and

>0.25 of the amplitude of R wave), or symmetric negative T waves; AND 3.) has

need for inotropic support, and/or has evidence of myocardial dysfunction from

echocardiogram, that is, reduced left ventricular function, despite adequate filling

of left ventricle (normal left ventricle end diastolic diameter) and adequate volume

status.

https://doi.org/10.1371/journal.pntd.0006497.t002
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and disease severity such that adult cases and those with dengue shock syndrome are more

likely to have severe spontaneous bleeding than pediatric cases and those without shock [6, 20,

26–29]. Several grading systems for bleeding exist [30, 31] and were used to derive criteria for

moderate and severe bleeding that were presented to participants (Table 1). Bleeding that

requires a local intervention but does not result in shock or hemodynamic instability were the

two key criteria that define moderate bleeding. Proposed severe bleeding included any bleed-

ing that involves a critical organ; leads to hemodynamic instability; results in death or perma-

nent disability; or requires a red blood cell transfusion and more intensive monitoring in an

intensive care unit or high dependency unit.

In round 1, more than 70% of participants agreed that Definitions A-D and F represented

moderately severe bleeding, while Definitions E (macroscopic hematuria) and G (eye bleeding

that does not affect vision) did not get this level of agreement (Table 1 and S2 Table). In subse-

quent rounds, the majority (74%) agreed that the finding that a blood type and cross match

was ordered should not be an indicator of severity on its own and moderate bleeding defini-

tions A and F were modified accordingly (Table 2). In round 1, most (>90%) selected Defini-

tions A through D as severe grade bleeding, while 64% preferred Definition E for severe

bleeding (Table 1 and S2 Table). In round 2, most (79%) participants agreed that if there is no

need for blood transfusion, the bleeding described in Definition E should define moderate

bleeding. In addition, 79% agreed with the statement that “need for blood transfusion” be

defined as meaning need for whole blood or packed red blood cells.

Moderate and severe thrombocytopenia

Thrombocytopenia is a common finding in patients with dengue. Although pathogenesis is incom-

pletely understood, it likely includes direct and indirect viral-mediated mechanisms [32, 33]. Tradi-

tionally, thrombocytopenia has been used as a criterion for dengue disease severity [34]. However,

as a predictive marker for bleeding, the speed of the platelet count decrease may be more important

than the absolute number. Based on a review of the literature and discussions, definitions for mod-

erate and severe thrombocytopenia were developed for participants to consider (Table 1).

In round 1, a majority (68%) of participants chose moderate thrombocytopenia Definitions

B or C, which specified a 50,000 to 20,000 mm3 platelet count range as case defining (Table 1

and S2 Table). While participants were more divided over the four severe thrombocytopenia

endpoints, 55% of participants chose severe thrombocytopenia Definitions B or C which speci-

fied a <20,000 mm3 platelet count cut-off. Participants remained divided through round 3 on

whether moderate and severe thrombocytopenia Definition B or C was best for use in clinical

trials. The difference between these definitions is that both moderate and severe thrombocyto-

penia Definition B specify the need to detect a decrease in the platelet count within the speci-

fied range in a 24-hour period, while both Definition C specify that one platelet count within

the range is case defining (Tables 1 and 2). The most common reason for support of Definition

B was that a single value could be a spurious measurement, whereas a fall within a 24-hour

period is more meaningful. In contrast, those who chose Definition C felt it was easier to oper-

ationalize because only one platelet measurement is needed each day and any value within the

range would be considered case defining. Last, 72% felt that one platelet count measurement

done daily during the critical phase is adequate to determine if a case-patient had severe or

moderate thrombocytopenia. Operationally, this is more consistent with Definition C.

Moderate and severe liver disease

Liver involvement in dengue patients is relatively common and serum aminotransferases are

elevated in most hospitalized dengue patients, with higher levels observed among severe
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dengue cases [35–42]. Prospective studies have found that acute hepatitis occurs in 2–6% of

dengue inpatients when defined by an ALT>10 times the upper limit of normal [37, 43].

Acute liver failure (ALF) is also known to occur among confirmed dengue patients [38–42],

even among patients without shock, but ALF is uncommon [39]. A review of the literature

found several definitions for ALF [44], however, most included acute liver dysfunction with

change in mental status and new onset coagulopathy defined by an international normaliza-

tion ratio (INR)�1.5 as case-defining criteria [45–48]. There were fewer definitions for acute

viral hepatitis [35–40, 43], and distinguishing criteria included use of an ALT cut-off alone ver-

sus AST and/or ALT, and presence of jaundice. The working group recommended the use of

an ALT cut-off because of its greater specificity for liver involvement than AST, and the use of

an ALT>10 times the upper limits of normal cut-off, which corresponds to Grade 4 FDA tox-

icity table level (Table 1). Presence of jaundice or elevated bilirubin were not recommended

because of difficulties in evaluating jaundice in populations with dark skin pigmentation.

In round 1, most (77%) participants selected Definition A for acute hepatitis and Definition

A for ALF (Table 1 and S3 Table). In round 2, 84% agreed that ALF should be the severe liver

disease endpoint while acute hepatitis should be the moderately severe liver disease endpoint,

and most (84%) participants felt that ALT should be evaluated for all trial participants with an

acute febrile illness. In round 3, 78% agreed that, “at least two ALT levels should be done

depending on the severity of illness with a third ALT (or more) recommended if a case is

severe; the second ALT is elevated; or local clinical practice indicates more ALT measurements

be done”. Last, participants were asked whether there should be a recommendation that trial

participants with an AFI have an INR measured, and if so, the timing of the measurement.

Many (61%) participants disagreed with making the recommendation.

Moderate and severe neurologic disease

Reports of neurologic disease in dengue patients are rare despite a high burden of dengue.

However, neurologic disease has been described in laboratory-confirmed dengue cases involv-

ing all DENV types, all age groups, and in all parts of the world [49–51]. Dengue encephalitis

[52–64] and encephalopathy [63–66] are most commonly described followed by Guillain-

Barré Syndrome and aseptic meningitis; however, other neurologic conditions have been

reported [64, 65, 67–69]. The incidence of neurologic disease among dengue patients is diffi-

cult to determine because case definitions, study population and methods vary among studies,

but estimates have ranged from 0.5–20% [49, 64, 68, 70]. Based on a literature review, it was

proposed that laboratory-confirmed dengue cases in clinical trials with an abnormal neuro-

logic examination be defined as moderate or severely affected and that these cases then be clas-

sified using established case definitions (Table 1). Further, given the past difficulties in

attribution, it was proposed that alternative etiologies, including concurrent metabolic abnor-

malities and co-infections with other neurotropic flaviviruses and pathogens be assessed.

In round 1, 68% of the participants chose moderate neurologic disease Definition C; how-

ever, some participants commented that a specific Glasgow Coma Score (GCS) should be

added to the definition to make it more measurable instead of including it as a footnote

(Table 1 and S3 Table). In round 2, the majority (74%) agreed that a specific GCS be added to

moderate neurologic disease Definition C (S3 Table and Table 2). In round 1, the majority

(73%) of participants chose severe neurologic disease Definition C, and 63% agreed to add

GCS to the severe neurologic disease definition in round 2. Reasons cited for not adding GCS

included inconsistent use of the score depending on where and how participants are treated,

and poor interrater reliability. Some participants felt that capturing GCS was inconsequential

compared with need for neurologic intervention and the duration of neurologic impairment.
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However, in round 3, most (83%) agreed to a modified severe neurologic disease Definition C

in which use of a high dependency unit was added (Table 1). Last, when asked questions about

how to operationalize the neurologic disease endpoints, a majority (68%) participants recom-

mended that evidence-based definitions such as those developed by the Brighton Collabora-

tion be used to further classify identified neurologic cases. When asked to select data to be

collected for trial participants with neurologic disease (Tables 1 and 2), the majority (>70%)

agreed that items 1 and 2 should be required. False positive rates of PCR, difficulty in collecting

cerebral spinal fluid (CSF) on dengue patient with bleeding tendencies, lack of EMG at some

facilities, and lack of availability of post-mortem tissue were cited by participants as reasons

items 3 through 8 should be optional. However, these items could be collected if readily feasi-

ble at the participating trial site or if clinical presentation warrants further investigation (e.g.,

electromyography in suspected Guillain-Barré Syndrome case).

Moderate and severe myocarditis

Reduced cardiac output and myocarditis have been reported in dengue-infected patients

although the incidence is unknown, and the severity of cardiac involvement has not been well-

characterized [71–76]. A direct myodepressive effect of dengue virus has been difficult to

determine because cardiac function is preload-dependent and dengue patients can have

reduced intravascular volume secondary to a vascular leakage syndrome [72, 77]. Electrocar-

diogram (ECG) abnormalities, bradycardia, and conduction abnormalities have been

described, however, cardiac enzymes are not commonly elevated in dengue, even in cases with

suspected myocarditis [72, 75, 77, 78]. Most cardiac involvement in dengue patients appears to

be transient as the ejection fraction and conduction abnormalities return to normal during

convalescence [75, 78, 79]. Because of the difficulty in discerning a true viral-induced myode-

pressive effect from that due to reduced intravascular volume, myocarditis was chosen as the

clinically-relevant cardiac endpoint in clinical trial participants with laboratory-confirmed

dengue. Based on a review of the literature, proposed definitions for moderate and severe myo-

carditis were developed for participants to consider (Table 1).

In round 1, the more sensitive endpoint definitions were selected more often with 55% of

participants choosing Definition A for moderate myocarditis and a similar proportion (59%)

choosing Definition A for severe myocarditis (Table 1 and S3 Table). In round 2, the majority

(74%) agreed that we should specify that the arrhythmia in the definition should be a “new

onset” arrhythmia, and many (58%) of the participants felt that we should recommend that

ECGs be done only for those with clinical findings consistent with cardiac involvement. In

round 2, 68% of participants agreed that the phrase: “has evidence of myocardial dysfunction

on the echocardiogram, that is, reduced left ventricular function, despite adequate filling of left

ventricle (normal left ventricle end diastolic diameter) and adequate volume status” be added to

the definition. Less than half (47%) of participants preferred that the caveat, “need for inotropic

support AND has evidence of myocardial dysfunction from echocardiogram” be added to crite-

ria 3 in severe myocarditis Definition A. In the end, participants were divided on whether the

revised severe myocarditis Definition A (39%) or the newly revised severe myocarditis Defini-

tion A (39%) should be used in clinical trials. However, in round 3, participants were given a

scenario and asked how they would classify a trial participant with laboratory-confirmed den-

gue who has ST elevation on an ECG, elevated cardiac enzymes, and need for inotropic support

who did not have an ECHO done. A majority (72%) of participants stated that they would clas-

sify this case as having severe myocarditis, which is consistent with the newly revised Definition

A (Tables 1 and 2). That is, a case would qualify as severe if they receive inotropic support, and/

or they have evidence of myocardial dysfunction from echocardiogram.
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Discussion

We set out to define separate endpoints for plasma leakage, bleeding and organ impairment,

to more precisely characterize clinical phenotypes among research study participants with lab-

oratory-confirmed dengue. There was at least 70% agreement on eight of the 12 clinical end-

point definitions that we addressed, including moderate and severe plasma leakage, moderate

and severe bleeding, moderate and severe liver disease, and moderate and severe neurologic

disease. Not surprisingly, there was less agreement among participants on the definitions for

myocarditis, an endpoint which is an uncommon manifestation of dengue. In addition, for

moderate and severe thrombocytopenia, although consensus was reached on certain parame-

ters, some issues, primarily practical, remain to be addressed. Although further work is needed

to finalize these remaining endpoints, we feel the proposed definitions as described in Table 2

should now be made available to interested groups to begin the process of evaluation.

We envisage that achieving any one severe or moderate endpoint during a laboratory-con-

firmed dengue illness would be sufficient to designate the case as severe or moderate, respec-

tively. However, we suggest that the research community might benefit if data on all endpoints

were to be presented in reports, thereby describing the clinical outcomes more fully and allow-

ing detailed comparisons between studies. Importantly, researchers should understand that

these endpoints are intended to represent the level of severity experienced by a study partici-

pant over the course of their laboratory-confirmed dengue illness. For example, to assess a par-

ticipant for moderate or severe plasma leakage, the investigator should evaluate hematocrit at

different times during the illness to evaluate hemoconcentration.

With respect to thrombocytopenia, although we attempted to characterize severe and mod-

erate thrombocytopenia, it was not our intention for a case with severe thrombocytopenia

alone, in the absence of any other severe criterion, to be classified as a severe dengue case.

Although historically thrombocytopenia was part of the definition of dengue hemorrhagic

fever and considered to be an indicator of disease severity, in the WHO 2009 classification,

thrombocytopenia alone is not included as part of the definition for severe dengue. Agreement

on moderate and severe thrombocytopenia endpoint definitions did not reach the level of

agreement attained by plasma leakage, bleeding, and liver and neurologic disease endpoints.

However, a clear majority (68%) of participants agreed on a 50,000–20,000 mm3 platelet count

range for moderate thrombocytopenia, and more than half (58%) agree to a<20,000 mm3

platelet count cut-off for severe thrombocytopenia in round 1. By round 3, the only remaining

issue which divided respondents was whether one platelet count or a decreasing trend within

the cut-off range was case-defining. However, in the end the majority felt that one platelet

count measurement done daily during the critical phase is adequate to determine if a case-

patient had severe or moderate thrombocytopenia which is, operationally, more consistent

with Definition C (i.e., needing one platelet count within a cut-off range).

Over 70% agreement was reached early on most types of moderate and severe bleeding. Eye

bleeding not affecting vision was dropped from the list of types of moderate bleeding; however,

eye bleeding resulting in permanent disability will be captured under Definition C for severe

bleeding. Macroscopic hematuria nearly had reached 70% agreement; however, it was rejected

by some because no intervention was mentioned in the definition and all the other types of

moderate bleeding specified a need for an intervention. Similarly, Definition E for severe

bleeding was thought not to be a severe because there was no need to give whole blood or

packed red blood cells, and most participants agreed that it be included as moderate bleeding.

Lastly, the majority of participants agreed that, “need for blood transfusion” meant need for

whole blood or packed red blood cells. This is important as studies have found that prophylac-

tic platelet transfusions are not uncommonly given to dengue patients [80–82]. In addition,
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the sentiment among many participants was if fresh frozen plasma, platelets or factor concen-

trates were given without whole blood or packed red blood cells, then it was unlikely that the

bleeding was clinically severe.

Patients with dengue may have significant organ involvement, with the most commonly

affected organ being the liver. Most participants agreed early on to definitions for acute hepati-

tis and acute liver failure without changes to the proposed definitions. However, it was more

difficult to reach agreement on operational items, including timing and number of ALT mea-

surements and need for INR. In the end, most recommended that two or more ALT levels be

obtained during the clinical course.

While neurologic disease is thought to be infrequent, it is part of the current WHO classifi-

cation for severe dengue and an outcome that may be associated with significant morbidity

and mortality. One of the issues with determining the incidence of neurologic disease among

laboratory-confirmed dengue cases has been the inconsistent use of case definitions and short-

comings with regards to data collection and methodology [49–51]. We therefore sought to

propose a sensitive clinical endpoint definition and systematic collection of data that would

enable the description of a broad spectrum of moderate and severe neurologic outcomes

among clinical trial participants with laboratory-confirmed dengue. Once a case is identified

with moderate or severe neurologic disease, cases can be classified using evidence-based defi-

nitions such as those developed by the Brighton Collaboration [83]. We reached agreement on

endpoint definitions for moderate and severe neurologic disease. However, there was less

agreement on recommendations for data to be collected for neurologic disease cases. Many of

the proposed items for data collection depend on feasibility and clinical presentation.

While the process enabled us to reach agreement on most endpoints from a geographically

dispersed group of experts, there were some challenges. First, participants were extremely busy

individuals and even with frequent reminders, participation decreased by 18% between the

first and third round. We tried to minimize drop-out by using an easily accessible online plat-

form to query participants that allows direct communication with participants for technical

support. We also sent email reminders between rounds. Second, early on it became clear that

there were a few dominant individuals in the working group. By using a Delphi methodology-

based query, participants do not interact with each other thus allowing all expert opinion to be

heard. In addition, the online platform allowed for more in-depth responses to the open-

ended questions since participants were able to save and revisit their answers during the

round. In this way, we were able to get more agreement than would have been possible in addi-

tional face-to-face meetings. Third, while Delphi methodology-based queries have the poten-

tial to create a bottleneck towards convergence of opinions [84], we felt we were able to

prevent this from happening by using a combination of close and open-ended questions to

capture opinions. Last, operational considerations were discussed at length throughout the

process, and in the end, our endpoints can be used in all settings. However, further classifica-

tion of moderate and severe neurologic cases may be a challenge in settings with limited

resources (e.g., Guillain–Barré case).

Outlook: With over 70% agreement on most clinical endpoint definitions, a group of den-

gue experts is working to validate the endpoints using several large existing prospective data

sets. Specifically, they will evaluate endpoint accuracy in identifying moderate and severe dis-

ease, endpoint reproducibility in diverse clinical settings, and ease of use. In addition, they will

assess how many dengue cases could not be included because necessary components of the

endpoint definition, such as repeat clinical laboratory tests or clinical assessments, were not

performed. For example, multiple data points may not be available for non-hospitalized den-

gue cases identified in community-based clinical studies. Such cases are likely to be non-

severe; however, there is currently insufficient data to rule out moderate severity. Last, more
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work is needed to finalize the myocarditis endpoints, and evaluate the utility of one versus two

or more platelet count measurements within a 24-hour period to identify cases with moderate

and severe thrombocytopenia. The proposed clinical endpoints can be used to harmonize data

collection and improve comparability between dengue clinical trials.

Supporting information

S1 Table. Responses to questions about plasma leakage by round of inquiry.

(DOCX)

S2 Table. Responses to questions about bleeding and thrombocytopenia by round of

inquiry.

(DOCX)

S3 Table. Responses to questions about liver, neurologic and cardiac disease by round of

inquiry.

(DOCX)

Acknowledgments

We thank Benjamin D’Hont, Catherine Dutel, Andrew Lane, Mitra Sadaatian, Stephanie

Coomes and Christina McCormick for logistical support throughout the project.

Author Contributions

Conceptualization: Kay M. Tomashek, Bridget Wills, Lucy Chai See Lum, Laurent Thomas,

Anna Durbin, Yee-Sin Leo, Norma de Bosch, Kim Hendrickx, Martin Erpicum, Liane

Agulto, Thomas Jaenisch, M. Cristina Cassetti, Walla Dempsey, Duane J. Gubler.

Data curation: Kim Hendrickx, Martin Erpicum, Liane Agulto.

Formal analysis: Kim Hendrickx, Martin Erpicum, Liane Agulto.

Funding acquisition: M. Cristina Cassetti, Duane J. Gubler.

Investigation: Kim Hendrickx, Martin Erpicum, Liane Agulto.

Methodology: Kay M. Tomashek, Lucy Chai See Lum, Laurent Thomas, Anna Durbin, Yee-

Sin Leo, Norma de Bosch, Elsa Rojas, Kim Hendrickx, Martin Erpicum, Liane Agulto,

Thomas Jaenisch, Hasitha Tissera, Piyarat Suntarattiwong, Beth Ann Collers, Derek Wal-

lace, Alexander C. Schmidt, Alexander Precioso, Federico Narvaez, Stephen J. Thomas,

Robert Edelman, João Bosco Siqueira, M. Cristina Cassetti, Walla Dempsey, Duane J.

Gubler.

Project administration: Martin Erpicum, Liane Agulto, M. Cristina Cassetti, Walla Dempsey,

Duane J. Gubler.

Resources: Kim Hendrickx, Martin Erpicum, M. Cristina Cassetti, Walla Dempsey, Duane J.

Gubler.

Software: Kim Hendrickx, Martin Erpicum.

Supervision: Martin Erpicum, M. Cristina Cassetti.

Validation: Kim Hendrickx, Martin Erpicum, Liane Agulto.

Visualization: Kim Hendrickx, Martin Erpicum, Liane Agulto.

Clinical endpoints for use in dengue interventional studies

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006497 October 4, 2018 16 / 21

http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006497.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006497.s002
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006497.s003
https://doi.org/10.1371/journal.pntd.0006497


Writing – original draft: Kay M. Tomashek, Bridget Wills, Lucy Chai See Lum, Laurent

Thomas, Anna Durbin, Yee-Sin Leo, Norma de Bosch, Kim Hendrickx, Martin Erpicum,

Liane Agulto, Thomas Jaenisch, M. Cristina Cassetti, Walla Dempsey, Duane J. Gubler.

Writing – review & editing: Kay M. Tomashek, Bridget Wills, Lucy Chai See Lum, Laurent

Thomas, Anna Durbin, Yee-Sin Leo, Norma de Bosch, Elsa Rojas, Kim Hendrickx, Martin

Erpicum, Liane Agulto, Thomas Jaenisch, Hasitha Tissera, Piyarat Suntarattiwong, Beth

Ann Collers, Derek Wallace, Alexander C. Schmidt, Alexander Precioso, Federico Narvaez,

Stephen J. Thomas, Robert Edelman, João Bosco Siqueira, M. Cristina Cassetti, Walla

Dempsey, Duane J. Gubler.

References
1. Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, Moyes CL, et al. The global distribution and

burden of dengue. Nature. 2013; 496(7446):504–7. https://doi.org/10.1038/nature12060 PMID:

23563266; PubMed Central PMCID: PMC3651993.

2. Simmons CP, Farrar JJ, Nguyen v V, Wills B. Dengue. The New England journal of medicine. 2012; 366

(15):1423–32. https://doi.org/10.1056/NEJMra1110265 PMID: 22494122.

3. World Health Organization. Dengue: Guidelines for Diagnosis, Treatment, Prevention and Control.

Geneva: WHO; 2009. Available from: http://whqlibdoc.who.int/publications/2009/9789241547871_

eng.pdf.

4. Whitehorn J, Yacoub S, Anders KL, Macareo LR, Cassetti MC, Nguyen Van VC, et al. Dengue thera-

peutics, chemoprophylaxis, and allied tools: state of the art and future directions. PLoS neglected tropi-

cal diseases. 2014; 8(8):e3025. https://doi.org/10.1371/journal.pntd.0003025 PMID: 25166493;

PubMed Central PMCID: PMC4148227.

5. Lim SP, Wang QY, Noble CG, Chen YL, Dong H, Zou B, et al. Ten years of dengue drug discovery:

progress and prospects. Antiviral Res. 2013; 100(2):500–19. https://doi.org/10.1016/j.antiviral.2013.09.

013 PMID: 24076358.

6. Lam PK, Tam DT, Diet TV, Tam CT, Tien NT, Kieu NT, et al. Clinical characteristics of Dengue shock

syndrome in Vietnamese children: a 10-year prospective study in a single hospital. Clinical infectious

diseases: an official publication of the Infectious Diseases Society of America. 2013; 57(11):1577–86.

https://doi.org/10.1093/cid/cit594 PMID: 24046311; PubMed Central PMCID: PMCPMC3814826.

7. Rocha C, Silva S, Gordon A, Hammond SN, Elizondo D, Balmaseda A, et al. Improvement in hospital

indicators after changes in dengue case management in Nicaragua. The American journal of tropical

medicine and hygiene. 2009; 81(2):287–92. PMID: 19635885.

8. Mayurasakorn S, Suttipun N. The impact of a program for strengthening dengue hemorrhagic fever

case management on the clinical outcome of dengue hemorrhagic fever patients. The Southeast Asian

journal of tropical medicine and public health. 2010; 41(4):858–63. PMID: 21073059.

9. Thomas SJ, Rothman AL. Trials and Tribulations on the Path to Developing a Dengue Vaccine. Ameri-

can journal of preventive medicine. 2015; 49(6 Suppl 4):S334–44. https://doi.org/10.1016/j.amepre.

2015.09.006 PMID: 26590433.

10. Edelman R, Hombach J. "Guidelines for the clinical evaluation of dengue vaccines in endemic areas":

summary of a World Health Organization Technical Consultation. Vaccine. 2008; 26(33):4113–9.

https://doi.org/10.1016/j.vaccine.2008.05.058 PMID: 18597906.

11. Hombach J. Guidelines for clinical trials of dengue vaccine in endemic areas. Journal of clinical virology:

the official publication of the Pan American Society for Clinical Virology. 2009; 46 Suppl 2:S7–9. https://

doi.org/10.1016/S1386-6532(09)70287-2 PMID: 19800564.

12. Farrar JJ, Hien TT, Horstick O, Hung NT, Jaenisch T, Junghanns T, et al. Dogma in classifying dengue

disease. Am J Trop Med Hyg. 2013; 89(2):198–201. https://doi.org/10.4269/ajtmh.13-0157 PMID:

23926138; PubMed Central PMCID: PMCPMC3741235.

13. Live Dengue Vaccines Technical Consultation Reporting G, Bentsi-Enchill AD, Schmitz J, Edelman R,

Durbin A, Roehrig JT, et al. Long-term safety assessment of live attenuated tetravalent dengue vac-

cines: deliberations from a WHO technical consultation. Vaccine. 2013; 31(23):2603–9. https://doi.org/

10.1016/j.vaccine.2013.03.038 PMID: 23570986.

14. Halstead SB. Dengue: the syndromic basis to pathogenesis research. Inutility of the 2009 WHO case defi-

nition. The American journal of tropical medicine and hygiene. 2013; 88(2):212–5. Epub 2013/02/08.

https://doi.org/10.4269/ajtmh.12-0197 PMID: 23390220; PubMed Central PMCID: PMCPMC3583306.

Clinical endpoints for use in dengue interventional studies

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006497 October 4, 2018 17 / 21

https://doi.org/10.1038/nature12060
http://www.ncbi.nlm.nih.gov/pubmed/23563266
https://doi.org/10.1056/NEJMra1110265
http://www.ncbi.nlm.nih.gov/pubmed/22494122
http://whqlibdoc.who.int/publications/2009/9789241547871_eng.pdf
http://whqlibdoc.who.int/publications/2009/9789241547871_eng.pdf
https://doi.org/10.1371/journal.pntd.0003025
http://www.ncbi.nlm.nih.gov/pubmed/25166493
https://doi.org/10.1016/j.antiviral.2013.09.013
https://doi.org/10.1016/j.antiviral.2013.09.013
http://www.ncbi.nlm.nih.gov/pubmed/24076358
https://doi.org/10.1093/cid/cit594
http://www.ncbi.nlm.nih.gov/pubmed/24046311
http://www.ncbi.nlm.nih.gov/pubmed/19635885
http://www.ncbi.nlm.nih.gov/pubmed/21073059
https://doi.org/10.1016/j.amepre.2015.09.006
https://doi.org/10.1016/j.amepre.2015.09.006
http://www.ncbi.nlm.nih.gov/pubmed/26590433
https://doi.org/10.1016/j.vaccine.2008.05.058
http://www.ncbi.nlm.nih.gov/pubmed/18597906
https://doi.org/10.1016/S1386-6532(09)70287-2
https://doi.org/10.1016/S1386-6532(09)70287-2
http://www.ncbi.nlm.nih.gov/pubmed/19800564
https://doi.org/10.4269/ajtmh.13-0157
http://www.ncbi.nlm.nih.gov/pubmed/23926138
https://doi.org/10.1016/j.vaccine.2013.03.038
https://doi.org/10.1016/j.vaccine.2013.03.038
http://www.ncbi.nlm.nih.gov/pubmed/23570986
https://doi.org/10.4269/ajtmh.12-0197
http://www.ncbi.nlm.nih.gov/pubmed/23390220
https://doi.org/10.1371/journal.pntd.0006497


15. Stanaway JD, Shepard DS, Undurraga EA, Halasa YA, Coffeng LE, Brady OJ, et al. The global burden

of dengue: an analysis from the Global Burden of Disease Study 2013. The Lancet Infectious diseases.

2016; 16(6):712–23. Epub 2016/02/15. https://doi.org/10.1016/S1473-3099(16)00026-8 PMID:

26874619; PubMed Central PMCID: PMCPMC5012511.

16. Jones J, Hunter D. Consensus methods for medical and health services research. BMJ. 1995; 311

(7001):376–80. Epub 1995/08/05. PMID: 7640549; PubMed Central PMCID: PMCPMC2550437.

17. Rieppi SE, M. Mesydel Belgium: Laboratoire Spiral de L’ULg; 2008 [cited 2017 August 1]. 3:[Computer

software for conducting query of panel of experts using the Delphi methodology.]. Available from: http://

hdl.handle.net/2268/7378.

18. Trung DT, Wills B. Systemic vascular leakage associated with dengue infections—the clinical perspec-

tive. Curr Top Microbiol Immunol. 2010; 338:57–66. https://doi.org/10.1007/978-3-642-02215-9_5

PMID: 19802578.

19. Maron GM, Escobar GA, Hidalgo EM, Clara AW, Minniear TD, Martinez E, et al. Characterization of

dengue shock syndrome in pediatric patients in El Salvador. The Pediatric infectious disease journal.

2011; 30(5):449–50. https://doi.org/10.1097/INF.0b013e318212ab8e PMID: 21490492.

20. Trung DT, Thao le TT, Dung NM, Ngoc TV, Hien TT, Chau NV, et al. Clinical features of dengue in a

large Vietnamese cohort: intrinsically lower platelet counts and greater risk for bleeding in adults than

children. PLoS neglected tropical diseases. 2012; 6(6):e1679. https://doi.org/10.1371/journal.pntd.

0001679 PMID: 22745839; PubMed Central PMCID: PMCPMC3383761.

21. Sirivichayakul C, Limkittikul K, Chanthavanich P, Jiwariyavej V, Chokejindachai W, Pengsaa K, et al.

Dengue infection in children in Ratchaburi, Thailand: a cohort study. II. Clinical manifestations. PLoS

neglected tropical diseases. 2012; 6(2):e1520. https://doi.org/10.1371/journal.pntd.0001520 PMID:

22389735; PubMed Central PMCID: PMCPMC3289597.

22. Biswas HH, Ortega O, Gordon A, Standish K, Balmaseda A, Kuan G, et al. Early clinical features of den-

gue virus infection in nicaraguan children: a longitudinal analysis. PLoS neglected tropical diseases.

2012; 6(3):e1562. https://doi.org/10.1371/journal.pntd.0001562 PMID: 22413033; PubMed Central

PMCID: PMCPMC3295819.

23. Lum LC, Goh AY, Chan PW, El-Amin AL, Lam SK. Risk factors for hemorrhage in severe dengue infec-

tions. J Pediatr. 2002; 140(5):629–31. PMID: 12032535.

24. Thomas L, Moravie V, Besnier F, Valentino R, Kaidomar S, Coquet LV, et al. Clinical presentation of

dengue among patients admitted to the adult emergency department of a tertiary care hospital in Marti-

nique: implications for triage, management, and reporting. Annals of emergency medicine. 2012; 59

(1):42–50. https://doi.org/10.1016/j.annemergmed.2011.08.010 PMID: 21903297.

25. Binh PT, Matheus S, Huong VT, Deparis X, Marechal V. Early clinical and biological features of severe

clinical manifestations of dengue in Vietnamese adults. Journal of clinical virology: the official publica-

tion of the Pan American Society for Clinical Virology. 2009; 45(4):276–80. https://doi.org/10.1016/j.jcv.

2009.04.004 PMID: 19451025.

26. Wills B, Tran VN, Nguyen TH, Truong TT, Tran TN, Nguyen MD, et al. Hemostatic changes in Vietnam-

ese children with mild dengue correlate with the severity of vascular leakage rather than bleeding. The

American journal of tropical medicine and hygiene. 2009; 81(4):638–44. https://doi.org/10.4269/ajtmh.

2009.08-0008 PMID: 19815879.

27. Wichmann O, Hongsiriwon S, Bowonwatanuwong C, Chotivanich K, Sukthana Y, Pukrittayakamee S.

Risk factors and clinical features associated with severe dengue infection in adults and children during

the 2001 epidemic in Chonburi, Thailand. Tropical medicine & international health: TM & IH. 2004; 9

(9):1022–9. https://doi.org/10.1111/j.1365-3156.2004.01295.x PMID: 15361117.

28. Diaz-Quijano FA, Villar-Centeno LA, Martinez-Vega RA. Predictors of spontaneous bleeding in patients

with acute febrile syndrome from a dengue endemic area. Journal of clinical virology: the official publica-

tion of the Pan American Society for Clinical Virology. 2010; 49(1):11–5. https://doi.org/10.1016/j.jcv.

2010.06.011 PMID: 20663710.

29. Fariz-Safhan MN, Tee HP, Abu Dzarr GA, Sapari S, Lee YY. Bleeding outcome during a dengue out-

break in 2005 in the East-coast region of Peninsular Malaysia: a prospective study. Trop Biomed. 2014;

31(2):270–80. PMID: 25134895.

30. Webert KE, Arnold DM, Lui Y, Carruthers J, Arnold E, Heddle NM. A new tool to assess bleeding sever-

ity in patients with chemotherapy-induced thrombocytopenia. Transfusion. 2012; 52(11):2466–74; quiz

5. https://doi.org/10.1111/j.1537-2995.2012.03634.x PMID: 22486274.

31. Tosetto A, Castaman G, Rodeghiero F. Bleeders, bleeding rates, and bleeding score. J Thromb Hae-

most. 2013; 11 Suppl 1:142–50. https://doi.org/10.1111/jth.12248 PMID: 23809118.

32. de Azeredo EL, Monteiro RQ, de-Oliveira Pinto LM. Thrombocytopenia in Dengue: Interrelationship

between Virus and the Imbalance between Coagulation and Fibrinolysis and Inflammatory Mediators.

Clinical endpoints for use in dengue interventional studies

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006497 October 4, 2018 18 / 21

https://doi.org/10.1016/S1473-3099(16)00026-8
http://www.ncbi.nlm.nih.gov/pubmed/26874619
http://www.ncbi.nlm.nih.gov/pubmed/7640549
http://hdl.handle.net/2268/7378
http://hdl.handle.net/2268/7378
https://doi.org/10.1007/978-3-642-02215-9_5
http://www.ncbi.nlm.nih.gov/pubmed/19802578
https://doi.org/10.1097/INF.0b013e318212ab8e
http://www.ncbi.nlm.nih.gov/pubmed/21490492
https://doi.org/10.1371/journal.pntd.0001679
https://doi.org/10.1371/journal.pntd.0001679
http://www.ncbi.nlm.nih.gov/pubmed/22745839
https://doi.org/10.1371/journal.pntd.0001520
http://www.ncbi.nlm.nih.gov/pubmed/22389735
https://doi.org/10.1371/journal.pntd.0001562
http://www.ncbi.nlm.nih.gov/pubmed/22413033
http://www.ncbi.nlm.nih.gov/pubmed/12032535
https://doi.org/10.1016/j.annemergmed.2011.08.010
http://www.ncbi.nlm.nih.gov/pubmed/21903297
https://doi.org/10.1016/j.jcv.2009.04.004
https://doi.org/10.1016/j.jcv.2009.04.004
http://www.ncbi.nlm.nih.gov/pubmed/19451025
https://doi.org/10.4269/ajtmh.2009.08-0008
https://doi.org/10.4269/ajtmh.2009.08-0008
http://www.ncbi.nlm.nih.gov/pubmed/19815879
https://doi.org/10.1111/j.1365-3156.2004.01295.x
http://www.ncbi.nlm.nih.gov/pubmed/15361117
https://doi.org/10.1016/j.jcv.2010.06.011
https://doi.org/10.1016/j.jcv.2010.06.011
http://www.ncbi.nlm.nih.gov/pubmed/20663710
http://www.ncbi.nlm.nih.gov/pubmed/25134895
https://doi.org/10.1111/j.1537-2995.2012.03634.x
http://www.ncbi.nlm.nih.gov/pubmed/22486274
https://doi.org/10.1111/jth.12248
http://www.ncbi.nlm.nih.gov/pubmed/23809118
https://doi.org/10.1371/journal.pntd.0006497


Mediators Inflamm. 2015; 2015:313842. https://doi.org/10.1155/2015/313842 PMID: 25999666;

PubMed Central PMCID: PMCPMC4427128.

33. Schexneider KI, Reedy EA. Thrombocytopenia in dengue fever. Curr Hematol Rep. 2005; 4(2):145–8.

PMID: 15720964.

34. World Health Organization. Dengue Haemorrhagic Fever: Diagnosis, Treatment, Prevention and Con-

trol. Geneva: WHO; 1997. Available from: http://www.who.int/csr/resources/publications/dengue/

Denguepublication/en/.

35. Mohan B, Patwari AK, Anand VK. Hepatic dysfunction in childhood dengue infection. J Trop Pediatr.

2000; 46(1):40–3. https://doi.org/10.1093/tropej/46.1.40 PMID: 10730040.

36. Nguyen TL, Nguyen TH, Tieu NT. The impact of dengue haemorrhagic fever on liver function. Res Virol.

1997; 148(4):273–7. PMID: 9272578.

37. Souza LJ, Alves JG, Nogueira RM, Gicovate Neto C, Bastos DA, Siqueira EW, et al. Aminotransferase

changes and acute hepatitis in patients with dengue fever: analysis of 1,585 cases. Braz J Infect Dis.

2004; 8(2):156–63. doi: /S1413-86702004000200006. PMID: 15361994.

38. Kuo CH, Tai DI, Chang-Chien CS, Lan CK, Chiou SS, Liaw YF. Liver biochemical tests and dengue

fever. The American journal of tropical medicine and hygiene. 1992; 47(3):265–70. PMID: 1355950.

39. Trung DT, Thao le TT, Hien TT, Hung NT, Vinh NN, Hien PT, et al. Liver involvement associated with

dengue infection in adults in Vietnam. The American journal of tropical medicine and hygiene. 2010; 83

(4):774–80. https://doi.org/10.4269/ajtmh.2010.10-0090 PMID: 20889864; PubMed Central PMCID:

PMCPMC2946741.

40. Thomas L, Brouste Y, Najioullah F, Hochedez P, Hatchuel Y, Moravie V, et al. Predictors of severe

manifestations in a cohort of adult dengue patients. Journal of clinical virology: the official publication of

the Pan American Society for Clinical Virology. 2010; 48(2):96–9. https://doi.org/10.1016/j.jcv.2010.03.

008 PMID: 20362495.

41. Lum LC, Lam SK, George R, Devi S. Fulminant hepatitis in dengue infection. The Southeast Asian jour-

nal of tropical medicine and public health. 1993; 24(3):467–71. PMID: 8160054.

42. Roy A, Sarkar D, Chakraborty S, Chaudhuri J, Ghosh P, Chakraborty S. Profile of hepatic involvement

by dengue virus in dengue infected children. N Am J Med Sci. 2013; 5(8):480–5. https://doi.org/10.

4103/1947-2714.117313 PMID: 24083224; PubMed Central PMCID: PMCPMC3784926.

43. Jagadishkumar K, Jain P, Manjunath VG, Umesh L. Hepatic involvement in dengue Fever in children.

Iran J Pediatr. 2012; 22(2):231–6. PMID: 23056891; PubMed Central PMCID: PMCPMC3446077.

44. Wlodzimirow KA, Eslami S, Abu-Hanna A, Nieuwoudt M, Chamuleau RA. Systematic review: acute

liver failure—one disease, more than 40 definitions. Aliment Pharmacol Ther. 2012; 35(11):1245–56.

https://doi.org/10.1111/j.1365-2036.2012.05097.x PMID: 22506515.

45. Trey C, Davidson CS. The management of fulminant hepatic failure. Prog Liver Dis. 1970; 3:282–98.

PMID: 4908702.

46. O’Grady JG, Schalm SW, Williams R. Acute liver failure: redefining the syndromes. Lancet. 1993; 342

(8866):273–5. PMID: 8101303.

47. Polson J, Lee WM, American Association for the Study of Liver D. AASLD position paper: the manage-

ment of acute liver failure. Hepatology. 2005; 41(5):1179–97. https://doi.org/10.1002/hep.20703 PMID:

15841455.

48. Tandon BN, Joshi YK, Tandon M. Acute liver failure. Experience with 145 patients. J Clin Gastroenterol.

1986; 8(6):664–8. PMID: 3805667.

49. Sejvar JJ. Neurological Manifestations of Dengue Virus Infection. In: Gubler DJ, Ooi EE, Kuno G, Vasu-

devan S, Farrar J, editors. Dengue and dengue hemorrhagic fever. 2nd ed. Oxfordshire, UK: CAP

International; 2014 p. 145–68.

50. Verma R, Sahu R, Holla V. Neurological manifestations of dengue infection: a review. J Neurol Sci.

2014; 346(1–2):26–34. https://doi.org/10.1016/j.jns.2014.08.044 PMID: 25220113.

51. Carod-Artal FJ, Wichmann O, Farrar J, Gascon J. Neurological complications of dengue virus infection.

Lancet Neurol. 2013; 12(9):906–19. https://doi.org/10.1016/S1474-4422(13)70150-9 PMID: 23948177.

52. Lum LC, Lam SK, Choy YS, George R, Harun F. Dengue encephalitis: a true entity? The American jour-

nal of tropical medicine and hygiene. 1996; 54(3):256–9. PMID: 8600761.

53. Hommel D, Talarmin A, Deubel V, Reynes JM, Drouet MT, Sarthou JL, et al. Dengue encephalitis in

French Guiana. Res Virol. 1998; 149(4):235–8. PMID: 9783339.

54. Thisyakorn U, Thisyakorn C, Limpitikul W, Nisalak A. Dengue infection with central nervous system

manifestations. The Southeast Asian journal of tropical medicine and public health. 1999; 30(3):504–6.

PMID: 10774659.

Clinical endpoints for use in dengue interventional studies

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006497 October 4, 2018 19 / 21

https://doi.org/10.1155/2015/313842
http://www.ncbi.nlm.nih.gov/pubmed/25999666
http://www.ncbi.nlm.nih.gov/pubmed/15720964
http://www.who.int/csr/resources/publications/dengue/Denguepublication/en/
http://www.who.int/csr/resources/publications/dengue/Denguepublication/en/
https://doi.org/10.1093/tropej/46.1.40
http://www.ncbi.nlm.nih.gov/pubmed/10730040
http://www.ncbi.nlm.nih.gov/pubmed/9272578
http://www.ncbi.nlm.nih.gov/pubmed/15361994
http://www.ncbi.nlm.nih.gov/pubmed/1355950
https://doi.org/10.4269/ajtmh.2010.10-0090
http://www.ncbi.nlm.nih.gov/pubmed/20889864
https://doi.org/10.1016/j.jcv.2010.03.008
https://doi.org/10.1016/j.jcv.2010.03.008
http://www.ncbi.nlm.nih.gov/pubmed/20362495
http://www.ncbi.nlm.nih.gov/pubmed/8160054
https://doi.org/10.4103/1947-2714.117313
https://doi.org/10.4103/1947-2714.117313
http://www.ncbi.nlm.nih.gov/pubmed/24083224
http://www.ncbi.nlm.nih.gov/pubmed/23056891
https://doi.org/10.1111/j.1365-2036.2012.05097.x
http://www.ncbi.nlm.nih.gov/pubmed/22506515
http://www.ncbi.nlm.nih.gov/pubmed/4908702
http://www.ncbi.nlm.nih.gov/pubmed/8101303
https://doi.org/10.1002/hep.20703
http://www.ncbi.nlm.nih.gov/pubmed/15841455
http://www.ncbi.nlm.nih.gov/pubmed/3805667
https://doi.org/10.1016/j.jns.2014.08.044
http://www.ncbi.nlm.nih.gov/pubmed/25220113
https://doi.org/10.1016/S1474-4422(13)70150-9
http://www.ncbi.nlm.nih.gov/pubmed/23948177
http://www.ncbi.nlm.nih.gov/pubmed/8600761
http://www.ncbi.nlm.nih.gov/pubmed/9783339
http://www.ncbi.nlm.nih.gov/pubmed/10774659
https://doi.org/10.1371/journal.pntd.0006497


55. Kankirawatana P, Chokephaibulkit K, Puthavathana P, Yoksan S, Apintanapong S, Pongthapisit V.

Dengue infection presenting with central nervous system manifestation. J Child Neurol. 2000; 15

(8):544–7. https://doi.org/10.1177/088307380001500809 PMID: 10961794.

56. Pancharoen C, Thisyakorn U. Neurological manifestations in dengue patients. The Southeast Asian

journal of tropical medicine and public health. 2001; 32(2):341–5. PMID: 11556587.

57. Soares CN, Faria LC, Peralta JM, de Freitas MR, Puccioni-Sohler M. Dengue infection: neurological

manifestations and cerebrospinal fluid (CSF) analysis. J Neurol Sci. 2006; 249(1):19–24. https://doi.

org/10.1016/j.jns.2006.05.068 PMID: 16870213.

58. Muzaffar J, Venkata Krishnan P, Gupta N, Kar P. Dengue encephalitis: why we need to identify this

entity in a dengue-prone region. Singapore Med J. 2006; 47(11):975–7. PMID: 17075667.

59. Jackson ST, Mullings A, Bennett F, Khan C, Gordon-Strachan G, Rhoden T. Dengue infection in

patients presenting with neurological manifestations in a dengue endemic population. West Indian Med

J. 2008; 57(4):373–6. PMID: 19566019.

60. Garcia-Rivera EJ, Vorndam V, Rigau-Perez JG. Use of an enhanced surveillance system for encephali-

tis and aseptic meningitis for the detection of neurologic manifestations of dengue in Puerto Rico, 2003.

P R Health Sci J. 2009; 28(2):114–20. PMID: 19530552.

61. Puccioni-Sohler M, Soares CN, Papaiz-Alvarenga R, Castro MJ, Faria LC, Peralta JM. Neurologic den-

gue manifestations associated with intrathecal specific immune response. Neurology. 2009; 73

(17):1413–7. https://doi.org/10.1212/WNL.0b013e3181bd8258 PMID: 19858464.

62. Araujo F, Nogueira R, Araujo Mde S, Perdigao A, Cavalcanti L, Brilhante R, et al. Dengue in patients

with central nervous system manifestations, Brazil. Emerging infectious diseases. 2012; 18(4):677–9.

https://doi.org/10.3201/eid1804.111552 PMID: 22469335; PubMed Central PMCID:

PMCPMC3309666.

63. Domingues RB, Kuster GW, Onuki-Castro FL, Souza VA, Levi JE, Pannuti CS. Involvement of the cen-

tral nervous system in patients with dengue virus infection. J Neurol Sci. 2008; 267(1–2):36–40. https://

doi.org/10.1016/j.jns.2007.09.040 PMID: 17959198.

64. Solomon T, Dung NM, Vaughn DW, Kneen R, Thao LT, Raengsakulrach B, et al. Neurological manifes-

tations of dengue infection. Lancet. 2000; 355(9209):1053–9. https://doi.org/10.1016/S0140-6736(00)

02036-5 PMID: 10744091.

65. Misra UK, Kalita J, Mani VE, Chauhan PS, Kumar P. Central nervous system and muscle involvement

in dengue patients: A study from a tertiary care center. Journal of clinical virology: the official publication

of the Pan American Society for Clinical Virology. 2015; 72:146–51. https://doi.org/10.1016/j.jcv.2015.

08.021 PMID: 26513765.

66. Kumar R, Tripathi P, Tripathi S, Kanodia A, Pant S, Venkatesh V. Prevalence and clinical differentiation

of dengue fever in children in northern India. Infection. 2008; 36(5):444–9. https://doi.org/10.1007/

s15010-008-7172-6 PMID: 18759059.

67. Soares CN, Cabral-Castro MJ, Peralta JM, de Freitas MR, Zalis M, Puccioni-Sohler M. Review of the

etiologies of viral meningitis and encephalitis in a dengue endemic region. J Neurol Sci. 2011; 303(1–

2):75–9. https://doi.org/10.1016/j.jns.2011.01.012 PMID: 21292281.

68. Cam BV, Fonsmark L, Hue NB, Phuong NT, Poulsen A, Heegaard ED. Prospective case-control study

of encephalopathy in children with dengue hemorrhagic fever. The American journal of tropical medicine

and hygiene. 2001; 65(6):848–51. PMID: 11791985.

69. Verma R, Bharti K, Mehta M, Bansod A. Rhombencephalitis associated with Dengue fever. Journal of

clinical virology: the official publication of the Pan American Society for Clinical Virology. 2016; 78:99–

101. https://doi.org/10.1016/j.jcv.2016.03.015 PMID: 27015434.

70. Waterman SH, Margolis HS, Sejvar JJ. Surveillance for dengue and dengue-associated neurologic syn-

dromes in the United States. The American journal of tropical medicine and hygiene. 2015; 92(5):996–

8. https://doi.org/10.4269/ajtmh.14-0016 PMID: 25371183; PubMed Central PMCID:

PMCPMC4426592.

71. Wali JP, Biswas A, Chandra S, Malhotra A, Aggarwal P, Handa R, et al. Cardiac involvement in Dengue

Haemorrhagic Fever. Int J Cardiol. 1998; 64(1):31–6. PMID: 9579814.

72. Yacoub S, Griffiths A, Chau TT, Simmons CP, Wills B, Hien TT, et al. Cardiac function in Vietnamese

patients with different dengue severity grades. Crit Care Med. 2012; 40(2):477–83. https://doi.org/10.

1097/CCM.0b013e318232d966 PMID: 21946658; PubMed Central PMCID: PMCPMC4140416.

73. Miranda CH, Borges Mde C, Schmidt A, Pazin-Filho A, Rossi MA, Ramos SG, et al. A case presentation

of a fatal dengue myocarditis showing evidence for dengue virus-induced lesion. Eur Heart J Acute Car-

diovasc Care. 2013; 2(2):127–30. https://doi.org/10.1177/2048872613475889 PMID: 24222821;

PubMed Central PMCID: PMCPMC3821802.

Clinical endpoints for use in dengue interventional studies

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006497 October 4, 2018 20 / 21

https://doi.org/10.1177/088307380001500809
http://www.ncbi.nlm.nih.gov/pubmed/10961794
http://www.ncbi.nlm.nih.gov/pubmed/11556587
https://doi.org/10.1016/j.jns.2006.05.068
https://doi.org/10.1016/j.jns.2006.05.068
http://www.ncbi.nlm.nih.gov/pubmed/16870213
http://www.ncbi.nlm.nih.gov/pubmed/17075667
http://www.ncbi.nlm.nih.gov/pubmed/19566019
http://www.ncbi.nlm.nih.gov/pubmed/19530552
https://doi.org/10.1212/WNL.0b013e3181bd8258
http://www.ncbi.nlm.nih.gov/pubmed/19858464
https://doi.org/10.3201/eid1804.111552
http://www.ncbi.nlm.nih.gov/pubmed/22469335
https://doi.org/10.1016/j.jns.2007.09.040
https://doi.org/10.1016/j.jns.2007.09.040
http://www.ncbi.nlm.nih.gov/pubmed/17959198
https://doi.org/10.1016/S0140-6736(00)02036-5
https://doi.org/10.1016/S0140-6736(00)02036-5
http://www.ncbi.nlm.nih.gov/pubmed/10744091
https://doi.org/10.1016/j.jcv.2015.08.021
https://doi.org/10.1016/j.jcv.2015.08.021
http://www.ncbi.nlm.nih.gov/pubmed/26513765
https://doi.org/10.1007/s15010-008-7172-6
https://doi.org/10.1007/s15010-008-7172-6
http://www.ncbi.nlm.nih.gov/pubmed/18759059
https://doi.org/10.1016/j.jns.2011.01.012
http://www.ncbi.nlm.nih.gov/pubmed/21292281
http://www.ncbi.nlm.nih.gov/pubmed/11791985
https://doi.org/10.1016/j.jcv.2016.03.015
http://www.ncbi.nlm.nih.gov/pubmed/27015434
https://doi.org/10.4269/ajtmh.14-0016
http://www.ncbi.nlm.nih.gov/pubmed/25371183
http://www.ncbi.nlm.nih.gov/pubmed/9579814
https://doi.org/10.1097/CCM.0b013e318232d966
https://doi.org/10.1097/CCM.0b013e318232d966
http://www.ncbi.nlm.nih.gov/pubmed/21946658
https://doi.org/10.1177/2048872613475889
http://www.ncbi.nlm.nih.gov/pubmed/24222821
https://doi.org/10.1371/journal.pntd.0006497


74. Miranda CH, Borges Mde C, Matsuno AK, Vilar FC, Gali LG, Volpe GJ, et al. Evaluation of cardiac

involvement during dengue viral infection. Clinical infectious diseases: an official publication of the

Infectious Diseases Society of America. 2013; 57(6):812–9. https://doi.org/10.1093/cid/cit403 PMID:

23784923.

75. Salgado DM, Eltit JM, Mansfield K, Panqueba C, Castro D, Vega MR, et al. Heart and skeletal muscle

are targets of dengue virus infection. The Pediatric infectious disease journal. 2010; 29(3):238–42.

https://doi.org/10.1097/INF.0b013e3181bc3c5b PMID: 20032806; PubMed Central PMCID:

PMCPMC2833338.

76. Wiwanitkit V. Dengue myocarditis, rare but not fatal manifestation. Int J Cardiol. 2006; 112(1):122.

https://doi.org/10.1016/j.ijcard.2005.09.027 PMID: 16307808.

77. Khongphatthanayothin A, Suesaowalak M, Muangmingsook S, Bhattarakosol P, Pancharoen C. Hemody-

namic profiles of patients with dengue hemorrhagic fever during toxic stage: an echocardiographic study.

Intensive Care Med. 2003; 29(4):570–4. https://doi.org/10.1007/s00134-003-1671-9 PMID: 12595978.

78. Satarasinghe R, Arultnithy K, Amerasena N, Bulubahapitiya U, Sahayam D. Asymptomatic myocardial

involvment in acute dengue virus infeciton in a cohort of Sri Lankans admitted to a tertiary referral cen-

ter. Br J Cardiol. 2007; 14(3):171–3.

79. Khongphatthanayothin A, Lertsapcharoen P, Supachokchaiwattana P, La-Orkhun V, Khumtonvong A,

Boonlarptaveechoke C, et al. Myocardial depression in dengue hemorrhagic fever: prevalence and clini-

cal description. Pediatr Crit Care Med. 2007; 8(6):524–9. https://doi.org/10.1097/01.PCC.0000288672.

77782.D4 PMID: 17906598.

80. Tomashek KM, Biggerstaff BJ, Ramos MM, Perez-Guerra CL, Garcia Rivera EJ, Sun W. Physician sur-

vey to determine how dengue is diagnosed, treated and reported in puerto rico. PLoS neglected tropical

diseases. 2014; 8(10):e3192. https://doi.org/10.1371/journal.pntd.0003192 PMID: 25299251; PubMed

Central PMCID: PMCPMC4191957.

81. Lye DC, Archuleta S, Syed-Omar SF, Low JG, Oh HM, Wei Y, et al. Prophylactic platelet transfusion

plus supportive care versus supportive care alone in adults with dengue and thrombocytopenia: a multi-

centre, open-label, randomised, superiority trial. Lancet. 2017; 389(10079):1611–8. Epub 2017/03/12.

https://doi.org/10.1016/S0140-6736(17)30269-6 PMID: 28283286.

82. Rajapakse S, de Silva NL, Weeratunga P, Rodrigo C, Fernando SD. Prophylactic and therapeutic inter-

ventions for bleeding in dengue: a systematic review. Transactions of the Royal Society of Tropical

Medicine and Hygiene. 2017; 111(10):433–9. Epub 2018/02/01. https://doi.org/10.1093/trstmh/trx079

PMID: 29385613.

83. Sejvar JJ, Kohl KS, Bilynsky R, Blumberg D, Cvetkovich T, Galama J, et al. Encephalitis, myelitis, and

acute disseminated encephalomyelitis (ADEM): case definitions and guidelines for collection, analysis,

and presentation of immunization safety data. Vaccine. 2007; 25(31):5771–92. Epub 2007/06/16.

https://doi.org/10.1016/j.vaccine.2007.04.060 PMID: 17570566.

84. Linstone HAT, Delphi M.: A brief look backward and forward. Technological Forecasting & Social

Change. 2011; 78:1712–9.

Clinical endpoints for use in dengue interventional studies

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006497 October 4, 2018 21 / 21

https://doi.org/10.1093/cid/cit403
http://www.ncbi.nlm.nih.gov/pubmed/23784923
https://doi.org/10.1097/INF.0b013e3181bc3c5b
http://www.ncbi.nlm.nih.gov/pubmed/20032806
https://doi.org/10.1016/j.ijcard.2005.09.027
http://www.ncbi.nlm.nih.gov/pubmed/16307808
https://doi.org/10.1007/s00134-003-1671-9
http://www.ncbi.nlm.nih.gov/pubmed/12595978
https://doi.org/10.1097/01.PCC.0000288672.77782.D4
https://doi.org/10.1097/01.PCC.0000288672.77782.D4
http://www.ncbi.nlm.nih.gov/pubmed/17906598
https://doi.org/10.1371/journal.pntd.0003192
http://www.ncbi.nlm.nih.gov/pubmed/25299251
https://doi.org/10.1016/S0140-6736(17)30269-6
http://www.ncbi.nlm.nih.gov/pubmed/28283286
https://doi.org/10.1093/trstmh/trx079
http://www.ncbi.nlm.nih.gov/pubmed/29385613
https://doi.org/10.1016/j.vaccine.2007.04.060
http://www.ncbi.nlm.nih.gov/pubmed/17570566
https://doi.org/10.1371/journal.pntd.0006497

