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KABSTRACT \

Background: Dengue fever is a significant public health concern, with severe cases leading to
life-threatening complications. Early identification of severe dengue can improve patient outcomes
and optimize healthcare resource utilization. The objective of the study was to evaluate clinical and
laboratory predictors of severe dengue and their utility in clinical decision-making.

Methods: A prospective cohort study was conducted at Ziauddin Hospital, Karachi, from February to
September 2024. A sample size of 66 with a 95% confidence interval and 5% level of significance was
calculated using OpenEpi. The convenience sampling fechnique was used. Patients were
categorized into two groups: Group A (=3 warning signs or comorbidities) and Group B (<3 warning
signs, no comorbidities). Data were collected using a structured proforma and analyzed in SPSS 25.
Logistic regression and receiver operating characteristic analysis were used to evaluate different
predictors of severe dengue. Receiver operatfing characteristic analysis was used to evaluate
different predictors of severe dengue. A p-value of less than 0.05 was considered significant.

Results: The mean age was 35.93+14.96 years, with 66.7% males. Significant predictors included a falll
in pulse pressure (p=0.002), elevated AST levels (p=0.04), AST/platelet ratio (APR) (p=0.003), and
hypoalbuminemia (p<0.0001). The predictive model, including APR and fall in pulse pressure (x? =
4.651, p=0.702), explained 68.5% of severe dengue variance and had excellent discriminatory
power (AUC=0.961) with 100% sensitivity and 91.1% specificity.

Conclusion: Clinical parameters such as pulse pressure and APR are reliable predictors of severe
dengue. Further validation in larger cohorts can refine risk stratification and enhance management
strategies.
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INTRODUCTION

Dengue fever has been declared one of the “top
ten threats to global health in 2019” by the World
Health Organization'. A high number of cases occur
in the rainy season in the Subcontinent?. The disease
has now spread to less fropical and more temperate
countries such as Nepal, which traditionally never
saw the disease®. Pakistan has seen arise in dengue
fever cases and deaths over the last many years?.

Most of the individuals infected with the dengue
virus have either a subclinical infection or fever and
myalgia syndromes. A small proportion of these
patients enter a critical phase as fever declines and
plasma leakage occurs, leading to severe denguesd.
Shock, respiratory distress, bleeding, and organ
dysfunction occurin a fraction of these, depending
upon certain host and viral factors’. Heterotypic
reinfection can result in classic dengue without/with
warning signs or severe dengue as a result of
antibody-dependent enhancement?.

The infection is characterized by an acute phase
lasting for 3-6 days, which is followed by a short-lived
critical phase during which defervescence and
plasma leak occur until the recovery phase ensues’.
Viral detection is usually done using the NSI
antigen'®. Various other clinical and laboratory
markers are used for monitoring disease
progression''.  Dengue Score predicts the
development of vascular leaks using serum albumin,
hematocrit, platelets, and AST ratio™.

During dengue epidemics,
dengue remained a significant challenge for
clinicians, particularly when opfimal resource
allocation was crucial'®. Identifying patients at risk of
severe disease helped guide timely interventions
and ensured that infensive care was reserved for
those who fruly needed it'“. This study aimed to
evaluate the predictive value of the Dengue Score
alongside various clinical and laboratory markers
within the healthcare system. By assessing their
applicability, it sought to determine whether
escalating care to the intensive care unit was
always justified. The objective of this study was to
analyze the effectiveness of these predictive
models in opfimizing resource ufilization and
improving patient outcomes.

predicting severe

METHODS

The study was conducted as a prospective cohort
study in all three campuses of Ziauddin Hospital
Karachi from February 2024 to September 2024.
Permission was obtained from the hospital ethical
review committee prior to the commencement of
the study (ERC Number: 8540324QUMED). A
thorough written informed consent was also
obtained from the patients prior to inclusion in the
study. Patients were informed in detail regarding the
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collection of their data at the time of enrollment.
The sample size was calculated by using the
Openkpi sample size calculator by using a previous
sfudy done on Clinical Profile and predictors of
Severe Dengue Disease in South India's. In this
study, the authors found that the prevalence of
elevated hematocrit in severe dengue patients was
64.9% and 28.1% in non-severe dengue patients. The
confidence level was kept at 5%, and the power of
the study was at 80%. The calculated sample size
came out to be 66. Sampling was done via a
convenience sampling technique. All patients of
dengue fever being admitted to the wards were
included if they met the criteria. The patients were
divided info two groups of 33 patients each. Both
groups included patients of dengue fever with
warning signs admitted to the Medical Inpatient
department (High Dependency Unit or Medical
Ward).

Group A included patients with >3 warning signs as
defined by the WHO Dengue Severity Classification
or a co-existing comorbidity such as diabetes,
hypertension, ischemic heart disease, and chronic
kidney disease. Group B included patients who had
<3 of the waring signs and no comorbidities's.
Patients of age above 15 years, either gender,
diagnosed with dengue fever by NS-1 or Dengue
IgM positivity, presenting before 5" day of illness
and admitted to the medical unit were enrolled in
the study, while patients who refused to participate
in the study, presented beyond 5" day of illness,
had organ failure or dengue shock at the fime of
presentation or concurrently having another
infectious disease were excluded from the study.
The enrolled patients were followed for 72 hours
starting from enroliment to stepping up to ICU until
their platelet count began to rise or they were
stepped down to ward-based care or discharged.
Data collection was done using a specialized
proforma filled by the researcher herself.

The collected data were entered into the Stafistical
Package for Social Sciences software v. 25.
Percentages and frequencies were calculated for
qualitative variables such as gender, comorbid
conditions, symptoms, signs, thrombocytopenia,
dengue score, and development of severe dengue
and ICU admission. Mean and standard deviation
were calculated for quantitative data such as age,
hematocrit, ALT, platelet count, serum albumin, and
pulse pressure. Comparison was made between the
variables for both groups using an independent
samples t-test for quantitative variables, and a
Pearson Chi square test was done for categorical
variables. A p-value of less than 0.05 was considered
significant. Logistic regression analysis was used to
highlight  the relationship  between several
clinical/laboratory parameters and Dengue Score
and progression fo severe dengue.
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RESULTS

Table 1: Characteristics of Group A Versus Group B

Age 34.09+£13.90 37.78%£15.95 0.319
Male 21(63.64%) 23(69.7%)
Gender Female 12(36.36%) 70(30.3%) 0.794
5th 0 7(21.21%)
6 10(30.3%) 6(18.18%)
Day of lliness 7t 6(18.18%) 8(24.24%) 0.056
gt 12(36.36%) 9(27.27%)
gth 5(15.15%) 3(9.09%)
Diabetes 6(18.18%) 12(36.36%) 0.097
Hypertension 3(9.09%) 6(18.18%) 0.282
CKD 0 4(12.12%) 0.039
Comorbidities
Ischemic Heart
Disease 1(3.03%) 3(9.09%) 0.302
Combinations 1(3.03%) 8(24.24%) -
Abdominal Pain | 33(100%) 22(66.67%) <0.0001
Persistent
Vomiting 33(100%) 19(57.58%) <0.0001
Symptoms Early Rash 18(54.55%) 14(42.42%) 0.325
Late Rash 23(69.7%) 5(15.15%) <0.0001
Hemorrhagic 28(84.85%) 7(21.21%) <0.0001
Complications
Lowest — Pulse | 5y 541606 32.5147.65 0.57
Clinical Signs :re"ssur.e Pol
a in ulse
Pressure 13.7248.16 11.36x7.72 0.232
Highestrecorded | 5 5.5 97 41.2146.38 0.301
Hematocrit?
Rise in —the | /15409 5.15£3.2 0.213
Hematocrit
Lowest recorded
Platelet count 52.30+£51.91 41.42+38 0.335
;E’ges* recorded | 5 9,0 99 4.26£1.57 0.003
Laboratory -
Highest AST
Values levels (1U/L) 239+377.92 78.30+26.15 0.017
AST ratio 4.27+6.74 1.39+0.46 0.017
Lowest Serum
+ +
Albumin (mg/dL) 3.25+£0.51 3.55£0.5 0.02
AST / Platelet
ratio 19.43+33.27 5.46+6.13 0.021
Acute  Kidney | 5 ; 049 4(12.12%) 0.392
Injury

A total of 66 patients with dengue fever were enrolled and divided into two groups, A and B, in a 1:1 rafio,
based upon the number of warning signs delineated by the WHO-2009 criteria. The mean age of patients
was 35.93114.96 years. There were 66.7% (n=44) males and 33.3% (n=22) females in the sample. A total of 28
patients had some underlying chronic iliness. The symptomatology, clinical, and laboratory parameters of
Groups A and B have been summarized in Table 1.

MY  PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2025, VOL.14 (02) DOI: https://doi.org/10.36283/ziun-pjmd 14-2/045




When Groups A and B were compared against whether patients developed severe dengue or not as per
WHO-20009 criteria, no significant difference was observed (p=0.6330). Similarly, the relationship between ITC
admission and groups A and B was not found to be significant (p=0.391). However, almost all of the patients
who later went on to develop severe dengue as per WHO 2009 criteria were shifted to ITC by their healthcare
team(p<0.0001). While comparing the dengue score against the ITC admission, it was found that higher
scores were likely fo be shifted to ITC as opposed o lower scores and were more likely to go on and develop
severe dengue (p=0.001, p<0.0001). Low platelet count was the most significant cause of ITC admission
(p<0.000T1).

Table 2: Logistic Regression and ROC Analysis for Dengue Score

Dengue Score (1 -4) 2.304 0.003 . 2.161 —46.387
Constant -5.95 <0.0001 0.003 -

-2 LL Ratio 40.064

Cox & Snell R? 0.216

Nagelkerke R? 0.377

Hosmer-Lemeshow x? (p-value) 7.454 (0.024)

ROC Curve AUC (95% CI) 0.808 (0.645-0.971)

Logistic regression performed for the Dengue score showed that it is a reliable predictor of severe dengue
(B=2.304, OR=10.011, p=0.003), indicating higher scores were strongly associated with severe dengue.
Dengue Score had a moderate explanatory power (Cox & Snell R2=0.216, Nagelkerke R?=0.377), and it was
not a perfect fit (x2=7.54, p=0.024). However, an AUC of 0.808 was identified in the ROC curve with an optimal
cut-off corresponding to a score midway between 1 and 2, having a sensitivity of 80% and a specificity of
55.4% (Table 2).

Table 3: Logistic Regression and AUC for Various Parameters

Lowest Pulse Pressure -0.39 0.677 <0.0001 0.065
Pulse Pressure Fall 0.354 1.424 0.002 0.949
Rise in the Hematocrit -0.017 0.983 0.874 0.546
Highest Hematocrit -0.093 0.911 0.072 0.661
Lowest Platelet Count 0.016 1.016 0.179 0.345
Lowest TLC -0.079 0.924 0.743 0.586
Highest AST levels (IU/L) -0.007 0.993 0.04 0.762
AST ratio -0.401 0.67 0.04 0.762
1/ Serum Albumin (mg/dL) -35.849 <0.0001 <0.0001 0.889
AST / Platelet ratio -0.056 0.945 0.003 0.764

Univariate logistic regression analysis performed for other variables identified some other significant predictors
besides variables of Dengue score, of the outcome as well, like fall in pulse pressure (p=0.001) and AST to
platelet ratio (0.003).

Based on this logistic regression, only AST to Platelet ratio and fall in pulse pressure were combined in a model
that performed even better than Dengue Score for predicting severe Dengue with a sensitivity of 100% and
a specificity of 91.1. The better performance of the Dengue Score is atfributable to it being a single score,
whereas this model has two variables. If these variables were to be combined as a single score, they could
outperform the dengue score (Table 3).
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Table 4: Summary of Our Model

P

e

AST: Pt count 0.028
Fall in Pulse Pressure 0.308 0.012 1.36 1.069 - 1.731
Constant -8.048 0.898 1.121 -

-2 LL Ratio 23.277

Cox & Snell R? 0.392

Nagelkerke R? 0.685

Hosmer-Lemeshow x? 4.651 (0.702)

(p-value)

ROC Curve AUC 0.961 (0.971 - 1.00)

(95% Cl)

While the Dengue Score had a strong association with severe dengue (OR = 10.011, p = 0.003), its model fit
was weaker, with lower predictive power (Nagelkerke R? =0.377) and poor calibration (Hosmer-Lemeshow p
= 0.024). In contrast, our model, which just included fall in pulse pressure and AST to platelet ratio, was a
better fit (-2LL = 23.277), had higher predictive power (Nagelkerke R? = 0.685), and excellent discrimination
(AUC = 0.961). A fall in pulse pressure was a significant predictor (OR = 1.36, p = 0.012), but AST o platelet
ratio had a weaker effect (OR = 1.028, p = 0.097). Overall, our model was more reliable and clinically useful

in identifying severe dengue cases (Table 4, Figure 1).
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Figure 1: ROC Curve of Dengue Score versus Our Model

DISCUSSION

Dengue score exhibited a reasonable sensitivity but
low specificity, limiting its ufility as a standalone
predictor for severe dengue. A constraint was the
small sample size, which restricts the generalizability
of findings to broader populations. However, with a
high sensitivity, the Dengue score is still a valuable
tool in clinical settings®. However, there is a need for
a more robust and comprehensive risk stratification

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2025, VOL.14 (02)

LT /
vl ;
]
oy ) o4 ) 08 10
1 - Specificity
ROC Curve of Our Logistic Regression

Model
approach.

Clinical and laboratory parameters varied between
groups. Logistic regression analysis revealed that
several parameters, including fall in pulse pressure,
serum albumin levels, AST levels, AST/platelet ratio,
and AST ratio, were significant predictors of severe
dengue. The final model, made by the authors by
adopting a more clinical and easy approach,
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consisted of only the AST to platelet ratio and a fallin
pulse pressure. This was able to predict 68.5%
variability in the data and had excellent discrimina-
tory power. Omitting the routine use of serum albu-
min can decrease the number of laboratory tests
and cut costs. However, a single region’s data limits
this study's ability to capture variations in disease
presentation and outcomes across different health-
care settings. The inclusion of additional machine
learning fechniques or validation cohorts could
strengthen the predictive models' reliability and
performance metrics.

It has been suggested in a study done in Saudi
Arabia over four years that the World Health Organi-
zation's dengue classification scheme had low sensi-
fivity for identifying patients in need of advanced
health care's. Also, there is a need to account for
chronic illnesses, which might get decompensat-
ed'. A study in Sri Lanka on 388 patients identified
that it has a higher sensitivity but a lower specificity
compared to the physicians’ gestalt. This is again a
stressor upon the fact that clinical judgement is of
paramount importance while dealing with these
patients, even though several classification and
predictive models exist'®. A study done in Thailand
used six parameters, including serum albumin, AST,
ALT, platelet count, partial thromboplastin time, and
dengue IgM, for creafing a score to predict
dengue. Their model had an AUC in the ROC analy-
sis of 0.902, a sensitivity of around 80%, and a speci-
ficity of 95%'". However, due to limited resources
and the inability o order labs that deviated from the
routine, the authors of this study never ordered the
last two of these parameters; rather, they have just
relied upon the roufine tests and clinical signs and
have achieved an even better AUC of 0.961. The
use of bedside immunochromatographic kits for
dengue detection of IgM, as studied in a
Pakistan-based study, can aid in the calculation of
the score mentioned earlier and potentially correct
course while considering patients for intensive care,
but requires an additional ftest in contrast to routine
diagnostic testing, which includes only the NSI
antigen®.,

Although comorbid conditions were never a part of
the final model in our study, a study done in Pakistan
and Malaysia has highlighted that diabetes is a very
strong risk factor for developing severe dengue?'. A
study during an endemic in Pakistan, on the other
hand, has reported that clinical parameters such as
rash, right hypochondrial tenderness, ascites and
pleural effusion, and laboratory parameters includ-
ing platelet count and a raised ALT were determi-
nants of a complicated dengue infection?. Similarly,
an Indonesian study has also reported that gall
bladder thickness is useful in predicting the plasma
leak in the coming days, with a sensitivity of 65%%.
Although this study has although it has employed
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logistic regression and ROC analysis for predictive
modeling, the inclusion of additional machine learn-
ing fechniques or validation cohorts could strength-
en the predictive models' reliability and perfor-
mance metrics.

On the frontiers of mortality, a study done in Aga
Khan Hospital stated that acute kidney injury,
increasing age, and coagulopathy in patients with
dengue virus infection is not only associated with a
prolonged hospital stay but also lead to increased
mortality?*. In our study, some patients with severe
dengue developed acute kidney injury, but no
mortality was seen, which may be attributable to
the limited sample size. Another South East Asian
study has come up with the proposition that during
the first 3 days of iliness, prognostic indicators should
be platelet count or serum albumin. From the 4th -
6th day of iliness, prognostic indicators should be
AST, ALT, albumin, or total bilirubin?.

CONCLUSION

In conclusion, this study has underscored the com-
plexity of predicting severe dengue outcomes and
highlighted both the strengths and limitations of
current predictive markers. While certain clinical
and laboratory parameters show promise as predic-
tors, their Ufility varies widely, and additional
research is needed to refine predictive models and
enhance clinical decision-making. By integrating
validated and low-cost predictors into routine
clinical practice and fostering contfinuous research,
healthcare providers can befter manage dengue
patients, optimize resource allocation, and improve
patient outcomes.
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