Biomedical Research and Therapy, 8(7):4447-4455

Open Access Full Text Article

Original Research

Clinical data analysis of dengue fever severity identification

Norhayati Mohd Zainee’, Kalaivani Chellappan''*, Joseph Vehi?, Petrick Periyasamy3, Zuraidah Che Man*

Use your smartphone to scan this
QR code and download this article

'Department of Electrical, Electronic and

Systems, Faculty of Engineering and

Built Environment, National University

of Malaysia, 43600 UKM Bangi,
Selangor, Malaysia

“Institut d’Informatica i Aplicacions, P

olitécnica IV, Universitat de Girona,

ABSTRACT

Introduction: The dynamic nature of dengue fever demands rapid and repeated clinical detection
based on the vital signs variables, blood profile, and symptoms for providing timely clinical treat-
ment. Patients with or without warning signs are at risk of contracting the severe dengue; thus, this
study aims to identify the vital signs and blood profile variables that would differentiate the sever-
ity levels of dengue fever among dengue patients. Methods: The patients were aged between 15
and 60 years and diagnosed with dengue infection. The infections were confirmed through labo-
ratory tests positive either for the NS1 antigen or the dengue IgM antibody. The patients had no
premorbid conditions. Results: Our results show that dengue fever without warning signs and se-
vere dengue can be differentiated using the pulse rate on day 3 (p = 0.008), day 4 (p = 0.004), day 5
(p=10.005),and day 6 (p =0.011) and the white blood cell count (p = 0.008) on day 7 of illness. Sta-
tistically significant parameters on day 6 of iliness, such as systolic blood pressure (p = 0.001), pulse
rate (p = 0.001), and hematocrit (p = 0.001), distinguished dengue fever with warning signs from
the severe dengue category. Hematocrit (p = 0.000) was also found to be statistically significant in
dengue fever with warning signs versus severe dengue on day 8 of illness. In conclusion, pulse rate
was found to be a common marker for day 3 to day 6 even though other parameters were found to
be significant. However, for day 7 and day 8, pulse rate was not found to be a contributor, instead,
white blood cells and hematocrit were significant factors. Conclusion: As the results of this study
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are based on a limited number of patients, it is recommended to further study the validity of the
findings with a larger number of patients in the future.
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INTRODUCTION

Dengue fever is an acute febrile illness caused by
the dengue virus!, which is transmitted to hu-
mans from the bites of infected female Aedes ae-
gypti mosquitoes>
five notifiable infectious diseases in Malaysia>*. In
2015, 111,285 dengue cases, with 301 deaths, were
reported to the World Health Organisation (WHO)
by the Ministry of Health, Malaysia®. As of Octo-
ber 2018, 55,132 dengue cases, with 95 deaths, were
reported on the Malaysia iDengue community por-

. Dengue fever is one of the top

tal®. The three dengue phases are febrile phase, criti-
cal phase, and the recovery phase’. During the febrile
phase, in a person infected with dengue virus, an an-
tibody is produced, which augments virus multipli-
cation. The body temperature of someone infected
with dengue increases to approximately 40°C due to
increased blood dilatation, causing hyperemia and in-
creasing local heat release and redness; one of the
symptoms of dengue is red rashes!. At the same time,
the blood pressure of an infected person can be low
or considered hypotensive and also, the pulse rate
(PR) decreases due to vasodilation. A critical phase
in dengue occurs during the defervescence of body

temperature. As the permeability of the capillaries
increases, it induces plasma leakage, causing hema-
tocrit concentrations to increase by 20% along with
an increase in patient blood level®. Due to plasma
leakage, blood clotting occurs at the site of capil-
lary injury and leukocytes (white blood cells [WBC])
accumulate; however, leukocyte concentrations de-
crease because used in defense against the viral in-
fection. Platelet concentrations also decrease because
dengue suppresses the bone marrow, where platelets
are produced®. The blood cells affected by the dengue
virus become damaged, leading to a drastic reduc-
tion in number. The antibodies produced during
dengue are associated with the massive destruction of
platelets®. Monitoring plasma leakage, hemodynamic
status, clinical signs of plasma leakage, and hemat-
ocrit before the severe form develops, comprise ap-
propriate dengue management !°, Dengue’s dynamic
nature demands close monitoring, as well as rapid and
repeated clinical detection to provide timely clinical
treatment ! 12, Measurement of vital signs plays a
fundamental role in many medical evaluations; how-
ever, there has been no large-scale study reporting
daily vital signs in patients with dengue '3, In dengue,
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vital signs such as blood pressure, PR, and body tem-
perature play important roles in the control and di-
agnosis of dengue 4. Hence, an analysis of the vital
signs and blood profile of patients with dengue in re-
lation to dengue severity was performed in this study.

METHODS

Data collection and patient selection

This study’s clinical data were obtained from a
database of patients who were presented to the Hos-
pital Canselor Tuanku Muhriz (HCTM) Emergency
Department between January 2015 and January 2016,
and were suspected of having dengue fever and admit-
ted to the wards for monitoring. Patients who fulfilled
the following criteria were selected: Malaysian citi-
zens aged between 15 and 60-years; confirmed as hav-
ing acute dengue infection through laboratory tests,
positive either for the NS1 antigen or the dengue IgM
antibody; and no premorbid conditions such as dia-
betes, pregnancy, renal failure, or HIV. The patients’
information was screened using the emergency de-
partment observation ward logbook and relevant in-
formation was retrieved from medical records. Vital
sign variables were extracted from the patients’ triage
registration form at the emergency department, from
the patients’ dengue charts, and from the blood pro-
file data available on the HCTM online database. The
Research Ethics Committee of HCTM approved the
study (UKM1.5.3.5 /244/FKAB-2015-03).

Data preparation and presentation

The clinical presentation was classified according to
the latest WHO guidelines and the Malaysian Clin-
ical Practice Guidelines for dengue'>!>. Dengue is
clinically classified as dengue fever without warning
signs (DF), dengue fever with warning signs (DFWS),
and severe dengue (SD) by the WHOLI315, The
data were clustered based on dengue categories, vi-
tal sign variables (body temperature, systolic blood
pressure [SBP], diastolic blood pressure [DBP], pulse
pressure, and pulse rate [PR]), and blood profile vari-
ables (hematocrit, platelet, and WBCs). These data
were then calculated into the median or mean pa-
rameter, based on the spread of the data 16 Ag such,
PR, pulse pressure, DBP, SBP, and platelets were ana-
lyzed using the median value while body temperature,
hematocrit, and WBC were analyzed using the mean
value.

Statistical analysis

The statistical analysis was conducted using IBM SPSS
version 21. The distribution of the data from day 3
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to day 8 of illness was assessed using Shapiro-Wilk,
Skewness and Kurtosis, and homogeneity tests for the
continuous variables. From this analysis, the PR and
hematocrit data were normally distributed on days 6
and day 8 of illness. These normally distributed data
were further analyzed using an analysis of variance
(ANOVA), and the differences between groups were
evaluated by using an Independent Sample T-test. For
the non-normally distributed data, the variable was
evaluated by using a Kruskal-Wallis analysis with post
hoc significance testing (Bonferroni-Dunn).

Table 1: Clinical characteristics of dengue fever
patients based on the dengue severity

DF DFWS SD
(n=6) (n=43) (n=13)
Sex, no. (%)
Male 5(83) 28 (64) 4 (31)
Female 1(17) 15 (36) 9 (69)
Ethnicity, no.
(%)
Malay 3 (50) 29 (66) 7 (54)
Chinese 2 (33) 14 (34) 4 (31)
Indian 1(17) 0 2 (15)
Serology, no.
(%)
NSI (+) 0 13 (30) 5(38)
IgM (+) 4(67) 11 (25) 3(23)
IgM (+) + IgG 2(33) 16 (39) 4(31)
(+)
NS1 (+) + IgG 0 3(7) 1(8)
(+)
Fatalities, no. 0 0 2 (15)
(%)
Mean day of 4 5 6
admission

DF: dengue fever without warning signs; DFWS: dengue fever with
warning signs; SD: severe dengue; n: number of sample
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Table 2: The analysis of vital signs and blood profile

DF (n=6) DFWS (n = 43) SD (n=13) p-value
Day 3
Body temperature  37.4 (37.1 - 37.6) 37.4 (372 - 37.9) 37.2(36.9 - 37.4) 0.285
(°O)
Systolic blood pres- 114 (106 - 116) 119 (107 - 125) 107 (106 - 118) 0.154
sure (mmHg)
Diastolic blood 60 (57 - 63) 68 (61 - 75) 64 (57 -72) 0.088
pressure (mmHg)
Pulse pressure 49 (47 - 54) 50 (46 - 54) 47 (40 - 55) 0.528
(mmHg)
Pulse rate (bpm) 71 (68 - 74) 79 (71 - 87) 97 (78 - 112) 0.006*
Hematocrit (%) 43.4 (42 - 47.4) 45.5 (41.7 - 47.8) 39.3 (31.7 - 46.8) 0.118
Platelets (x103 L) 30 (24 - 40) 53 (30 - 90) 31 (24 -72) 0.102
White blood cells 3.0 (2.6-3.3) 3.9 (2.7 - 5.0) 53 (4.1 - 8.5) 0.440
(x103uL)
Day 4
Body temperature 37.3 (37 - 37.5) 37.8 (37.2 - 38.3) 37.3 (36.6 - 37.8) 0.117
(°O)
Systolic blood pres- 112 (106 - 115) 122 (110 - 129) 109 (103 - 119) 0.011
sure (mmHg)
Diastolic blood 59 (57 - 63) 69 (65 - 76) 61 (60 - 68) 0.006*
pressure (mmHg)
Pulse pressure 49 (47 - 51) 51 (45 - 56) 47 (41 - 49) 0.209
(mmHg)
Pulse rate (bpm) 71 (68 - 74) 84 (73 - 88) 91 (81 - 106) 0.006*
Hematocrit (%) 43.9 (42 -47.7) 45.5 (42.1 - 48.9) 42.9 (34.8 - 46.0) 0.127
Platelets (x10° uL) 30 (23 - 40) 63 (32 -112) 34 (20 - 95) 0.061
White blood cells 31(2.7-33) 33 (2.4-4.5) 4.8(22-9.9) 0.459
(x10% uL)
Day 5
Body temperature 37.2 (37.0 - 37.5) 37.9 (37.1 - 38.4) 37.0 (36.8 - 37.6) 0.030
(°O)
Systolic blood pres- 110 (107 - 113) 117 (111 - 125) 107 (101 - 119) 0.026
sure (mmHg)
Diastolic  blood 57 (56 - 62) 70 (64 - 76) 60 (58 - 72) 0.016
pressure (mmHg)
Pulse pressure 47 (46 - 50) 50 (43 - 55) 48 (36 - 53) 0.590
(mmHg)
Pulse rate (bpm) 72 (70 - 73) 80 (72 - 89) 93 (80 - 105) 0.006*
Hematocrit (%) 44.7 (42.1 - 47.7) 46.1 (42.6 - 48.9) 38.3(37.1-45.2) 0.049
Platelets (x10° pL) 31 (23 - 42) 51 (22 - 105) 34 (20 - 69) 0.335
White blood cells 2.9 (2.5 - 4.0) 3.4(2.3-4.3) 4.1(2.3-8.4) 0.421
(x103 pL)
Day 6
Body temperature 37.3(37.1-37.8) 37.3(36.9 - 37.7) 37.2 (36.8 - 37.6) 0.676
(°C)
Systolic blood pres- 109 (105 - 114) 119 (107 - 123) 100 (95 - 107) 0.002*

sure (mmHg)

Continued on next page
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Table 2 continued

DF (n=6) DFWS (n = 43) SD (n=13) p-value
Diastolic blood 60 (57 - 63) 68 (60 - 74) 60 (54 - 70) 0.031
pressure (mmHg)
Pulse pressure 49 (47 - 51) 50 (45 - 55) 45 (39 - 47) 0.039
(mmHg)
Pulse rate (bpm) 71 (68 - 78) 78 (72 - 88) 89 (82 - 103) 0.001*
Hematocrit (%) 43.5(41.8 - 47.7) 45.9 (41.7 - 48.3) 40.4 (35.1 - 44.1) 0.004*
Platelets (x10° uL) 33 (25 - 42) 45 (18 - 79) 38 (17 - 64) 0.747
White blood cells 3.1(2.2-4.6) 3.6 (2.7 - 5.5) 6.1 (4.5-9.9) 0.014
(x103 uL)
Day 7
Body temperature 37.1 (37 - 37.6) 37.1(37.0 - 37.3) 37.0 (37.0 - 37.4) 0.871
(°O)
Systolic blood pres- 109 (104 - 117) 113 (106 - 123) 105 (99 - 114) 0.236
sure (mmHg)
Diastolic blood 60 (54 - 62) 64 (59 -71) 60 (59 - 70) 0.349
pressure (mmHg)
Pulse pressure 49 (46 - 52) 50 (44 - 45) 44 (39 - 52) 0.217
(mmHg)
Pulse rate (bpm) 73 (61 - 76) 76 (70 - 80) 81 (77 - 98) 0.012
Hematocrit (%) 44.4 (42.5 - 47.2) 45.3 (40.0 - 47.4) 38.2(29.8 - 42.4) 0.013
Platelets (XIO3 uL) 33 (27 - 50) 50 (24 - 82) 47 (27 - 76) 0.642
White blood cells 3.6(24-4.5) 4.3(3.3-6.6) 7.7 (6.0 - 9.8) 0.004*
(x103 uL)
Day 8
Body temperature 37.1 (37.0-37.1) 37.1(36.9 - 37.4) 36.9 (36.8 - 37.0) 0.274
(°C)
Systolic blood pres- 112 (106 - 113) 117 (107 - 124) 106 (99 - 118) 0.191
sure (mmHg)
Diastolic  blood 60 (58 - 62) 66 (58 - 71) 63 (56 - 72) 0.262
pressure (mmHg)
Pulse pressure 49 (48 - 53) 51 (46 - 55) 45 (37 - 51) 0.272
(mmHg)
Pulse rate (bpm) 69 (68 - 71) 72 (66 - 81) 78 (72 - 97) 0.040
Hematocrit (%) 44.7 (41.6 - 47.9) 44.1 (40.3 - 47.0) 35.5(31.4-42.4) 0.000*
Platelets (x10° uL) 39 (30 -47) 63 (42 -105) 74 (59 - 91) 0.179
White blood cells 37(32-52) 4.9 (3.7 - 6.4) 6.9 (4.9 - 9.9) 0.080

(x103 pL)

Data are presented as median = (interquartilerange)

*significant at p < 0.01

DF: dengue fever without warning signs; DFWS: dengue fever with warning signs; SD: severe dengue; n: number of sample
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RESULTS

In this study, 62 patients who were presented to the
emergency department were selected. These selected
patients represented the spectrum of dengue illness
and fulfilled the screening criteria. Sample character-
istics and laboratory results according to the various
classifications are summarized in Table 1. To obtain a
sensitive result, a significant difference of p < 0.01 was
used in the analysis. Table 2 shows the analysis result
of the Kruskal-Wallis and one-way ANOVA.

The result shows five variables (PR, SBP, DBP, WBC,
and hematocrit) were statistically significant in all
dengue categories from day 3 to day 8 of illness. The
analysis for PR detailed on day 3 is (% (2) = 10.222;
p = 0.006); on day 4, the DBP was (752(2) =10.239; p
=0.006) and the PR (¥2(2) = 10.213; p = 0.006). On
day 5, the PR (¥%(2) = 10.192; p = 0.006); and on day
6, the SBP was ()(2(2) =13.002; p = 0.002). The signif-
icant difference in PR and hematocrit on day 6 were
determined using a one-way ANOVA, the PR (F(2,59)
= 8.252; p = 0.001), and hematocrit (F (2,59) = 6.161;
p = 0.004). On day 7, the WBC count was * @) =
10.967; p = 0.004) and on day 8, the hematocrit (F (2,
59) = 8.964; p = 0.000). All these significant differ-
ences in dengue categories were further analyzed to
identify the significant difference in DF vs. DFWS,
DF vs. SD, and DFWS vs. SD. The results are shown
in Table 3.

The analysis in this study shows that DF and SD can
be differentiated using PR from day 3 to day 6 of ill-
ness and WBCs for the blood profile on day 7. For
DFWS and SD, two vital signs variables and one blood
profile variable can be used to differentiate these cat-
egories for days 6 and 8 of illness. On day 6, SBP, PR,
and hematocrit were statistically significant variables
in DFWS vs. SD category, whereas on day 8, only
hematocrit showed a significant difference. A box-
plot presentation of this evolution is shown in Fig-
ure 1 and Figure 2. The horizontal bar is the median
value, and the shaded box is the 25%-75% interquar-
tile range. The box plots in Figure 1 describe changes
in PR from day 3 to day 6 and WBCs on day 7 for DF
vs. SD. The box plots in Figure 2 describe changes in
PR, SBP, and hematocrit for DFWS vs. SD category
for days 6 and 8 of illness.

DISCUSSION

Vital signs monitoring in dengue fever empowers
dengue progression diagnosis, and appropriate moni-
toring ensures more effective dengue management 7.
Accuracy of dengue progression monitoring depends
on the protocol practiced in the hospital, the sensitiv-

ity of the devices, and the timely actions'®. Patients

with or without warning signs are at risk for severe
dengue, physiological parameter monitoring has been
recommended as the reference. This study has iden-
tified pulse rate as a statistically significant variable
from day 3 to day 6 to differentiate the dengue fever
severity level 1,

We conducted a retrospective study on the data of the
patients admitted with dengue fever at the Emergency
Department of HCTM. In this study, dengue fever
severity was distinguished based on DF, DFWS, and
SD. The severity of DF could only be distinguished
starting from day 3 when most patients start to move

into the critical phase or severe dengue?°.

In our
study, PR and WBC were statistically significant pa-
rameters in DF vs SD category. A previous study in
Singapore that referenced the WHO Dengue Classi-
fication 1997 protocol, had found that PR in patients
with DF was lower than those of patients with dengue
hemorrhagic fever, which is similar to the findings of
this study?!. The increased PR in SD compared with
DF is due to peripheral vasoconstriction that caused
blood vessel narrowing as an outcome of the vessel

muscular wall contraction 2223

In another study
conducted in Singapore recorded WBC count known
as leukopenia, from day 3 to day 7 of the illness; this is
reassured by studies in India and Sri Lanka that refer-
enced to WHO Dengue Classification 199724726, The
WBC count usually starts to increase either in the re-
covery phase or due to the stress response in patients
with severe bleeding!. The recovery phase had oc-
curred 24-48 hours after the critical phase!; in this
case, the recovery phase was predicted to start on day
6 of the illness, which supported our findings when
the WBC was found to be statistically significant in
DF vs SD on day 7.

SBP, PR, and hematocrit were the variables that
reached statistical significance in DFWS and SD on
day 6 (p = 0.001) and hematocrit (p = 0.000) on day
8 of the illness. Given that the clinical presentation
of DFWS and SD are the same, physicians frequently
focus on SBP and ignore the increasing DBP and PR
when monitoring for SD. This indicates the pitfall in
dengue management and highlights the importance
of SBP together with PR monitoring in differentiating
the DFWS from SD!. The study in Malaysia that di-
vided the severe dengue cases based on WHO Dengue
Classification 2009 into severe dengue (survived) and
severe dengue (died) found that PR was statistically
significant, which is similar to this study?’. A pre-
vious study in Indonesia had found hematocrit was
statistically significantly different in Dengue Grade I,
11, and III (WHO Dengue Classification 2011) while a
study in Thailand, found hematocrit was statistically

4451



Biomedical Research and Therapy, 8(7):4447-4455

Table 3: Post-hoc analysis for vital signs and blood profile

Dengue category DF VS DFWS
Day of illness

Day 3

Pulse rate p =0.308
Day 4

Diastolic p =0.020
Pulse rate p=0.074
Day 5

Pulse rate p=0.118
Day 6

Systolic p=0.748
Pulse rate p=0.147
Hematocrit p=0.872
Day 7

White blood cells p =0.422
Day 8

Hematocrit p=0.750

DF VS SD DFWS VS SD

p = 0.008* p =0.045
p=0921 p=098

p = 0.004* p=0.187
p = 0.005* p=0.119
p=0.616 p =0.001%
p=0.011* p =0.001*
p =0.092 p =0.001*
p = 0.008* p =0.022
p=0.028 p = 0.000*

*significant at p < 0.01

DF: dengue fever without warning signs; DFWS: dengue fever with warning signs; SD: severe dengue; n: number of sample; vs: versus; p:

p-value

significantly on day 6 of the illness using dengue with
and without shock classifications !328. In our find-
ing, however, hematocrit was statistically significant
on days 6 and 8 based on the WHO Dengue Classifi-
cation 2009. A critical phase in DFWS was predicted
to occur starting on day 5 of illness, whereas SD crit-
ical phase could be predicted on day 4 by referring to
body temperature, platelets, and hematocrit trends in
Table 2. Due to this condition, hematocrit was statis-
tically significant on days 6 and 8 in the SD category,
entering the recovery phase from day 6 onwards.

A limitation of this study is that no special reference
letters were received from the general practitioners’
clinics to identify the actual day the patients started
having fever. Besides that, individual patients pro-
gressed differently through the phases of the illness
depending on their immune system’s response to the
virus and to treatment interventions. In this discus-
sion, we have identified PR as a significant parameter
to be monitored from day 3 to day 6; WBC for day 7;
and PR, SBP, and hematocrit for days 6 and 8. How-
ever, the small sample size, lack of actual fever com-
mencement details, and individual physiology trends
encourage further studies on the validity of the find-
ings with a larger number of patients.

4452

CONCLUSIONS

In conclusion, PR and WBCs were the variables that
could be used to differentiate DF and SD severity from
day 3 to day 7 of the illness, whereas PR, SBP, and
hematocrit could be used to differentiate DFWS and
SD severity on days 6 and 8 of illness. Continuous
vital sign and blood profile monitoring could assist
physicians in identifying the dengue severity category
and provide appropriate treatment, which could re-
duce the complexity of dengue management. Yet the
study recommends a multi-center study with a larger
sample size in each category as per WHO Dengue
Classification 2009.

ABBREVIATIONS

BT: Body temperature

DBP: Diastolic blood pressure

DF: Dengue fever without warning signs
DFWS: Dengue fever with warning signs
HCT: Hematocrit

PLT: Platelet

PP: Pulse pressure

PR: Pulse rate

SBP: Systolic blood pressure
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