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Abstract

Introduction

The increasing incidence of dengue among adults in Malaysia and other countries has im-

portant implications for health services. Before 2004, in order to cope with the surge in adult

dengue admissions, each of the six medical wards in a university hospital took turns daily to

admit and manage patients with dengue. Despite regular in-house training, the implementa-

tion of the WHO 1997 dengue case management guidelines by the multiple medical teams

was piecemeal and resulted in high variability of care. A restructuring of adult dengue inpa-

tient service in 2004 resulted in all patients being admitted to one ward under the care of the

infectious disease unit. Hospital and Intensive Care Unit admission criteria, discharge crite-

ria and clinical laboratory testing were maintained unchanged throughout the study period.

Objectives

To evaluate the impact of cohorting adult dengue patients on the quality of care and the clin-

ical outcome in a university hospital in Malaysia.

Methods

A pre (2003) and post-intervention (2005–6) retrospective study was undertaken.

Intervention

Cohorting all dengue patients under the care of the Infectious Disease team in a designated

ward in 2004.

Results

The number of patients enrolled was 352 in 2003, 785 in 2005 and 1158 in 2006. The evalu-

ation and detection of haemorrhage remained high (>90%) and unchanged throughout the

study period. The evaluation of plasma leakage increased from 35.4% pre-intervention to
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78.8% post-intervention (p = <0.001) while its detection increased from 11.4% to 41.6%

(p = <0.001). Examination for peripheral perfusion was undertaken in only 13.1% of patients

pre-intervention, with a significant increase post-intervention, 18.6% and 34.2% respective-

ly, p = <0.001. Pre-intervention, more patients had hypotension (21.5%) than detected pe-

ripheral hypoperfusion (11.4%), indicating that clinicians recognised shock only when

patients developed hypotension. In contrast, post-intervention, clinicians recognised periph-

eral hypoperfusion as an early sign of shock. The highest haematocrit was significantly

higher post-intervention but the lowest total white cell counts and platelet counts remained

unchanged. A significant and progressive reduction in the use of platelet transfusions oc-

curred, from 21.7% pre-intervention to 14.6% in 2005 and 5.2% in 2006 post-intervention,

p<0.001. Likewise, the use of plasma transfusion decreased significantly from 6.1% pre-in-

tervention to 4.0% and 1.6% in the post-intervention years of 2005 and 2006 respectively,

p<0.001. The duration of intravenous fluid therapy decreased from 3 days pre-intervention

to 2.5 days (p<0.001) post-intervention; the length of hospital stay reduced from 4 days pre-

to 3 days (p<0.001) post-intervention and the rate of intensive care admission from 5.8%

pre to 2.6% and 2.5% post-intervention, p = 0.005.

Conclusion

Cohorting adult dengue patients under a dedicated and trained team of doctors and nurses

led to a substantial improvement in quality of care and clinical outcome.

Author Summary

The epidemiology of dengue disease in the tropical regions is characterized by a rapid in-
crease in the number of reported cases, and in some Asian countries, a shift in the age
range predominance from children toward adults. This has important implications for
health services, resources, and training, provision of treatment and care and ultimately
clinical outcome of dengue. There is no literature on the impact of this shift in the epide-
miological pattern of dengue on healthcare delivery and the clinical outcome of adult den-
gue patients. Before 2004, each of the 6 general medical wards in a university hospital took
turns daily to admit and manage patients with dengue. Despite regular in-house training,
the implementation of the WHO 1997 dengue case management guidelines by the multi-
ple teams was piecemeal with high variability in clinical practice. In 2004 all dengue pa-
tients were admitted to one ward under the care of the infectious disease unit. In this pre
(2003) and post-intervention (2005–6) retrospective study we demonstrated that cohort-
ing dengue patients under a specific team enhances the experiential knowledge of clini-
cians in managing dengue patients from the perspective of clinical evaluation and
detection of increased vascular permeability and the ensuing hypovolemic shock with im-
provement in clinical outcomes.

Introduction
Dengue is the most rapidly advancing vector-borne disease of public health significance in the
tropics. Before 1970, only nine countries had experienced severe dengue outbreaks. In the last
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50 years, the incidence of dengue has increased 30 fold; more than 2.5 billion people (>40% of
world’s population) live in>100 endemic countries [1].

Its more severe form, dengue haemorrhagic fever (DHF) was typically a childhood disease
in Southeast Asia with deaths occurring mainly in children. Since the 1980’s, however there has
been an increasing incidence of DHF among older age groups in Latin America and Southeast
Asia [2].

The epidemiology of dengue disease in Malaysia was characterized by a non-linear increase
in the number of reported cases from 7,103 in 2000 to 46,171 in 2010, and a shift in the age
range predominance from children toward adults [3]. The proportion of dengue-related deaths
aged> 15 years similarly increased from 49% of total dengue deaths in 1999, to 86% in 2006
[4]. The phenomenon of predominantly adult dengue population has also been observed in
Singapore and Taiwan [5–8]. Other countries that have reported increased dengue infection in
adults include Thailand [9–10], India [11], Bangladesh [12], Cuba [13–14] and Brazil [15].

The transition in the epidemiology of dengue from a childhood disease to one that affects
the older age group was reflected in hospital admissions throughout urban areas of Malaysia.
The shift in the modal age group of DHF from children to the adult population has important
implications for health services, resources, and training, provision of treatment and care and
ultimately clinical outcome of dengue. To date there is no literature on the impact of this shift
in the epidemiological pattern of dengue on healthcare delivery and the clinical outcome of
adult dengue patients.

University of Malaya Medical Centre (UMMC) is a teaching hospital situated in the Klang
Valley that has recorded a large number of dengue related outpatient attendance and hospital
admissions over the last several years. Patients with suspected dengue who required inpatient
care were admitted through the Department of Primary Care Medicine or through the Emer-
gency Department to the Departments of Paediatrics or Medicine respectively. Before 2004, in
order to cope with the surge in adult dengue admissions, each of the 6 general medical wards in
UMMC took turns daily to admit and manage patients with dengue. Within each ward, care
was delivered by a medical team comprising of the respective consultant, specialists, and sever-
al registrars and interns who rotated through the general medical wards. Despite regular in-
house training, the implementation of the WHO 1997 dengue case management guidelines
[16] by the multiple medical teams was piecemeal and resulted in high variability of care which
included the transfusion of blood products. This situation prompted a restructuring of adult
dengue inpatient service in 2004, resulting in all these patients being admitted to one ward
under the care of the infectious disease (ID) unit, led by an ID consultant, a specialist and 2 to
3 registrars and rotating interns. On-going training in dengue case management was continued
as before. Critically ill dengue patients were admitted to the Intensive Care Unit (ICU) under
the care of Department of Anaesthesiology and Intensive Care. Hospital and ICU admission
criteria, discharge criteria and clinical laboratory testing were maintained unchanged through-
out the study period. The objective of our study was to evaluate the impact of cohorting of den-
gue inpatients under the care of the ID unit, on the quality of care and the clinical outcome in
adult dengue patients in UMMC.

Methods
This is a retrospective study that looked at a registry of inpatients admitted to adult medical
wards with a discharge diagnosis of dengue in 2003 (pre-intervention), 2005 and 2006 (post-in-
tervention). Relevant records were obtained from the Medical Records Department in a chro-
nological order. Patients admitted in 2004, the year of implementation of the policy, were
excluded from the study. Due to the inability to retrieve all relevant past medical records, the
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targeted percentage of patients randomly selected to be included in the study was at least 50%,
70% and 80% for admissions in 2003, 2005 and 2006 respectively. When the medical record of
a randomly selected patient could not be traced, the patient up on the unselected list was en-
rolled. Data was abstracted into a standardised case report form by 3 dedicated trained nurses.
Data included demographics, clinical features pertinent to dengue management which includ-
ed any evaluation of haemorrhage, plasma leakage and shock. Treatment parameters included
duration of intravenous fluid therapy, use of platelet transfusions and other blood products
and length of hospital stay. The study was approved by the Ethics Committee of UMMC.

The presence or absence of any haemorrhage including skin or mucosal bleeding, either
spontaneous or induced such as bruises following venepunctures were recorded. Gastrointesti-
nal (GI) bleeding referred to either hematemesis or malena. Documentation of evidence of
plasma leakage including clinical or radiological detection of any of the following: pleural effu-
sion, or ascites; or haemoconcentration as defined by 20% or more increase in highest haema-
tocrit above that at discharge. Assessment of peripheral perfusion included any of the
following: capillary refill time, temperature and colour of extremities and volume of a peripher-
al pulse. Peripheral hypoperfusion was recorded as being present when any of the parameters
of peripheral perfusion were abnormal. Hypotension was defined as systolic blood pressure
below 90 mmHg for males and 85 mmHg for females and narrowed pulse pressure was when it
was< 20 mmHg. Duration of intravenous fluid (IVF) therapy was rounded off to the nearest
0.5 day.

Data Analysis
All data were analysed using SPSS for Windows, version 20. Data from the post-intervention
group (2005 and 2006) was compared with that of the pre-intervention group (2003). The Chi-
square and Mann-Whitney tests were used where appropriate. The level of statistical signifi-
cance for all analyses was set at p<0.05 using 2-tailed comparisons.

Results
Results of the study are shown in Tables 1 and 2. During the study period, the number of adult
dengue inpatients increased progressively from 671 in 2003 to 1096 and 1,404 in 2005 and
2006 respectively. The number of patients enrolled into the study was 352 (52.4% of admis-
sions), 785 (71.6%) and 1158 (82.5%) in 2003, 2005, 2006 respectively. The slight predomi-
nance of male patients increased significantly from pre-intervention to post-intervention

Table 1. Summary of results: Demographics and dengue IgM serology status.

Year 2003 (Pre-intervention) 2005 + 2006 (Post-intervention) P value

Total adult dengue admissions 671 2500

Male 356 (53) 1440 (57.6)

Mortality 5 (0.75) 14 (0.56) 0.857

Demographics

Enrolled subjects 352 (52.4) 1943 (77.7) <0.001

Male 179 (50.9%) 1141 (58.7) 0.004

Age 27.7 (21.6–37.5) 26.6 (21.4–35.0) 0.596

Duration of illness on admission (day) 5 (5–6) 6 (5–6) 0.454

Dengue serology (igM)

Serological Positive 232 (69.5) 1805 (92.9) <0.001

2 or more samples sent for IgM 41 (11.9) 1102 (56.7) <0.001

doi:10.1371/journal.pntd.0003836.t001

Cohorting Dengue Patients Improves Clinical Care and Outcomes

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0003836 June 5, 2015 4 / 10



period and this pattern was also observed in the corresponding total dengue inpatients. There
was no difference in the median age of the enrolled population and the median duration of ill-
ness at the time of admission throughout the study period.

The documentation of haemorrhagic manifestations by physicians was consistently high
(<90%) during the pre and post-intervention periods, with no significant difference in the ob-
served incidence of any bleeding (57%) or the more serious gastro-intestinal bleeding (4.5% to
5.8%) throughout the study period. In contrast, only 35.8% of patients’medical records had
any documentation of plasma leakage during the pre-intervention period; but any documenta-
tion of this phenomenon by doctors increased significantly and progressively during the 2
years post-intervention to 71.7%, p<0.001, being 59% and 78.8% in 2004 and 2005 respective-
ly. Together with increased detection for plasma leakage, so its presence increased, from 11.4%
pre-intervention to 34.4%, post-intervention, p<0.001, (13,8% in 2005 and 47.6 in 2006). Like-
wise, examination for peripheral perfusion was undertaken in only 13.1% of patients pre-inter-
vention, with a significant increase to 27.6% post-intervention, p =<0.001 (18.6% and 34.3%
respectively). The presence of peripheral hypoperfusion increased significantly together with
an increase in documentation of this physical sign, from 11.4% pre-intervention to 23.5% post-

Table 2. Summary of results: Clinical parameters, laboratory parameters, treatment and outcome.

Year 2003 (Pre-intervention) n = 352 2005 + 2006 (Post-intervention) n = 1943 P value

Clinical Parameters

Available data on any haemorrhage 349 (99.1) 1931 (99.4) 0.875

Presence of any haemorrhage 202 (57.4) 1111 (57.2) 0.875

GI Bleed 16 (4.6) 112 (5.8) 0.523

Available data on plasma leakage 126 (35.8) 1393 (71.7) <0.001

Presence of plasma leakage 40 (11.4) 650 (34.4) <0.001

Available data on peripheral perfusion 46 (13.1) 537 (27.6) <0.001

Presence of hypoperfusion 40 (11.4) 457 (23.5) <0.001

Hypotension or narrowed pulse pressure 75 (21.5) 190 (9.8) <0.001

Ratio of hypoperfusion to hypotension 0.53 2.41

Laboratory Parameters

Highest HCT before IVF (%) 43 (40–47) 45.7 (42–49) <0.001

Highest HCT throughout admission (%) 44 (41–48.75) 46.0 (42–50) 0.001

Lowest WBC (x109/L) 2.8 (2.0–3.9) 2.7 (1.9–3.7) 0.183

Lowest platelet count (x109/L) 31 (18–53) 30 (16–47) 0.672

Lowest platelet count of transfused (x109/L) 13 (9–19) 9.5 (6–17) <0.001

Lowest platelet count of not transfused (x109/L) 40 (25–57) 32 (19–50) 0.001

Treatment

Days on IVF 3 (2–4) 2.5 (2–3.0) <0.001

Platelet transfusion 75 (21.7) 174 (9.0) <0.001

Plasma transfusion 21 (6.1) 50 (2.6) 0.003

Blood transfusion 6 (1.7) 21 (1.1) 0.555

Use of antibiotics 44 (12.5) 180 (9.3) 0.046

Outcome

LOS (days) 4 (3.0–5.0) 3 (3.0–4.0) <0.001

Intensive Care Unit Admission 20 (5.8) 49 (2.5) 0.002

Data is expressed as number (%) or median (interquartile range). GI is gastrointestinal, HCT is haematocrit, WBC is total white cell count, IVF is

intravenous fluid, LOS is Length of stay.

doi:10.1371/journal.pntd.0003836.t002
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intervention, p<0.001, (14.1% and 29.9% respectively). Conversely, the incidence of hypoten-
sion and narrowed pulse pressure decreased significantly post-intervention, 9.8%, from 21.5%
pre-intervention, p<0.001, (10.2% and 9.5% respectively). The ratio of patients observed to
have peripheral signs of hypoperfusion to those with hypotension increased from 0.53 pre-in-
tervention to 2.41, post-intervention. The highest haematocrit (HCT) and the HCT before the
start of intravenous fluid was significantly higher post-intervention. There was no significant
difference in the lowest total white cell count and lowest platelet count throughout the illness
during the pre and post-intervention periods.

The duration of intravenous fluid therapy showed a slight but significant decrease from a
median of 3 days pre-intervention to a median of 2.5 days (p<0.001) post-intervention. Simi-
larly, the length of hospital stay, reduced from a median of 4 days pre- to that of 3 days
(p<0.001) post-intervention. In addition, a significant reduction in the use of platelet transfu-
sions was observed, from 21.7% pre-intervention to 9% post-intervention, p<0.001 (14.6% in
2005 and 5.2% in 2006). Likewise, the use of plasma transfusion decreased significantly from
6.1% pre-intervention to 2.6% post-intervention, p = 0.003 (4.0% and 1.6% in 2005 and 2006
respectively). Although there was no difference in the lowest platelet counts there was, howev-
er, a significant difference in the lowest platelet count among patients who received platelet
transfusions, 13 x109/L pre-intervention to 9.5% post-intervention (10 x109/L and 8 x109/L in
2005 and 2006 respectively), p<0.001. The lowest platelet counts in patients who did not re-
ceive platelet transfusions decreased significantly during the post-intervention, p = 0.001.
There was a decrease in use of blood transfusion and antibiotics during the post-intervention
period, the latter being a significant reduction, p = 0.046. The rate of ICU admissions decreased
significantly from 5.8% pre to 2.5% post-intervention, p = 0.002. The overall mortality rate de-
creased from 0.75% pre-intervention to 0.56% post-intervention, this difference was however
not significant, p = 0.857. The rate of positive IgM for dengue increased significantly post-in-
tervention, from 69.5% pre to 93% post intervention, p<0.001, with significantly more patients,
34.3% and 56.7% respectively having repeated serology tests, p<0.001.

Discussion
Our study demonstrates that cohorting dengue patients under the care of a trained team of cli-
nicians were associated with several changes in clinical practice. The pre and post-intervention
groups of patients were comparable in their median age and the day of illness at the time of ad-
mission. They were comparable in the severity of illness as represented by the presence of any
haemorrhage, gastrointestinal haemorrhage, and the lowest platelet and white blood
cell counts.

While the majority of clinicians were well aware of the haemorrhagic manifestations of den-
gue, only a minority were knowledgeable of plasma leakage before the intervention. The higher
level of awareness of clinicians to haemorrhagic manifestations may be due to the term “dengue
haemorrhagic fever” which placed emphasis on haemorrhage rather than plasma leakage as the
main pathophysiology of severe dengue. Under-recognition of plasma leakage was identified as
one of the difficulties causing the inappropriate classification of dengue using the 1997 WHO
dengue case classification [17, 18]. With repeated exposure over a period of time, a progressive
increase in awareness among clinicians to the unique feature of plasma leakage and the ensuing
shock led to a practice where these physical signs were actively elicited. Clinical detection for
plasma leakage increased from 2003 to 2006 resulting in a higher number of patients identified
with this complication. A similar but smaller increase in clinicians’ awareness to peripheral
signs of shock was also noted. As a result of an increase in the detection of peripheral hypoper-
fusion, which precedes hypotension, the incidence of central hypoperfusion among dengue
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inpatients decreased. More patients were detected to have hypotension (21.5%) than hypoper-
fusion (11.4%) pre-intervention, indicating that clinicians recognised shock only when patients
developed hypotension, a finding similar to that of an earlier study in 2002 [17]. In contrast,
during the post-intervention period, clinicians recognised peripheral hypoperfusion as an early
sign of shock. A slight but significant increase in the highest haematocrit from the pre-inter-
vention to post-intervention period suggested that the latter patients could have more severe
plasma leakage. It is possible that a few hours of delay in blood sampling during the plasma
leakage phase of illness, might result in an increase in haematocrit. This delay might be due to
a larger volume of inpatients during the post-intervention phase. However, earlier detection
and correction of hypovolaemia might have prevented patients from progressing to hypoten-
sive shock necessitating ICU management, resulting in a significant decrease in ICU admission
post-intervention. There was a non-significant reduction on overall mortality observed in the
post intervention compared to the pre-intervention period.

A marked decrease in the use of platelet and plasma transfusions was one of the most no-
ticeable effects of cohorting dengue patients. During the study period, the threshold to trans-
fuse platelets for thrombocytopenia increased significantly, from 13 x109/L pre-intervention
compared to 10 x109/L and then 8 x109/L during the post-intervention years of 2005 and 2006
respectively. Over time, experiential knowledge of thrombocytopenia being not associated with
bleeding in dengue [19–21] led clinicians to develop confidence to gradually abandon the prac-
tice of platelet or plasma transfusions. The duration of administration of intravenous fluid was
reduced which was associated with a significant decrease in length of hospital stay post-
intervention.

Experience plays a central role in the learning process whereby knowledge and concepts are
derived from and continuously modified by experience [22]. Clinical experience, based on per-
sonal observation, reflection, and judgment is needed to translate scientific results into treat-
ment of individual patients [23]. Personal experience is often a more powerful persuader than
scientific publication in changing clinical practice [24, 25]. Cohorting dengue patients under a
trained team provide an environment that favours the experiential learning process. Theoreti-
cal knowledge, for example, of plasma leakage and its complications and clinical skills in detec-
tion could be continually validated and internalized through repetitive clinical exposure. This
is shown in the incremental improvement of clinical practices and clinical outcomes over time.
Other benefits of cohorting dengue patients include transfer of experiential knowledge from
paediatricians to adult physicians, focused training of nursing staff which, in turn, contributed
to better monitoring of dengue patients for symptoms and signs of plasma leakage and shock
and oral and intravenous fluid balance. Teams dedicated to the case management of dengue
have been successfully formed in countries such as Thailand and Viet Nam [26–28], where
case fatality rates for children with DHF have been the lowest in the region.

Our study has several limitations. It was a retrospective study entirely dependent on the
availability of medical records of randomly selected patients. This might have an effect on the
enrolment of our patients and resulting in a selection bias. The failure to record clinical infor-
mation reflected either a lack of awareness of clinicians or incomplete documentation. The fact
that a high proportion of patients with documented data on haemorrhage throughout the
study period suggests a high level of awareness of bleeding as a complication of dengue. Thus, a
lack of documentation of evidence of plasma leakage or shock suggests a lack of awareness of
these complications.

Not all dengue inpatients had laboratory confirmation of dengue, perhaps again reflecting
the low level of knowledge pre-intervention, that a negative IgM for dengue will need to be re-
peated. The rate of seropositivity for dengue IgM increased when repeated later in the disease.
It could be that changes in practices between 2003 and 2005–6 reflect overall temporal trends
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rather than an effect of cohorting patients, as there were progressive changes over the two years
post-intervention. However, a study conducted in 2002 in the same institution and in the same
setting of dispersed placement of adult dengue inpatients showed that only 7% of adult dengue
inpatients with thrombocytopenia and evidence of plasma leakage were correctly classified as
DHF, thus reflecting a low level of awareness among clinicians of the main pathophysiology of
severe dengue [17].

Improving dengue case management is a significant priority in ensuring improved clinical
outcomes. Cohorting dengue inpatients under the care of a dedicated and trained team of doc-
tors and nurses enhanced the acquisition of experiential knowledge and clinical experience,
which is translated into improved clinical practice and clinical outcome. The changes in clinical
practices during the post-intervention period were the higher rates of elicitation of evidence of
plasma leakage and peripheral hypoperfusion and repeat of dengue serology when negative.
The observed changes in clinical outcomes were a significant reduction in duration of intrave-
nous fluid therapy, incidence of ICU admissions and transfusions of platelets and plasma. Our
study also provides evidence that preventive transfusions of blood products, widely practised
in countries endemic in dengue, are unnecessary [29, 30]. By diverting the focus of manage-
ment away from preventive transfusions, more attention could be given to the major problem
in severe dengue, increased capillary permeability. All these would translate into substantial re-
duction in costs of treatment. In addition to training a dedicated team, allocating a designated
ward for dengue patients in endemic countries or during a dengue outbreak should be consid-
ered as one of the effective strategies in improving clinical outcome.
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