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Abstract 

Dengue fever, the "break-bone fever," remains a formidable global health challenge, particularly in tropical regions. With no 

specific antiviral treatment, early and accurate diagnosis is crucial. Among the key hematological red flags, leukopenia and 

thrombocytopenia stand out as silent yet powerful indicators of disease progression. This study delves into the dynamic 

hematological changes in dengue patients, aiming to unravel the intricate relationship between platelet depletion, white blood 

cell alterations, and disease severity. By unraveling these patterns, this work aims to improve risk classification and early 

identification. Data for this prospective study was collected from multiple Government hospitals across West Bengal (Dec 

2023 – Jan 2024) to examine 250 febrile patients for dengue positivity using NS1 antigen and IgM ELISA tests. 

Hematological parameters were meticulously analyzed using advanced automated hematology systems, with statistical 

validation through SPSS 24.0. Among 111 confirmed dengue cases, a striking hematological signature emerged—marked 

leukopenia (<4000 cells/cumm) and thrombocytopenia (<150,000 platelets/µL). Patients fell into four distinct clusters: those 

with isolated leukopenia, thrombocytopenia, both, or neither. The presence of both conditions strongly correlated with severe 

dengue manifestations. Lymphocyte and neutrophil trends further underscored their pivotal role in disease evolution. 

Regression models and correlation analyses reinforced the predictive power of these blood markers. Dengue’s hematological 

footprint provides a critical diagnostic edge. The interplay of leukopenia and thrombocytopenia is not just a diagnostic 

hallmark but a window into disease severity. Harnessing these insights can revolutionize early dengue detection and patient 

management. Further research is warranted to explore their full prognostic potential. 
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Introduction 

Dengue fever, a mosquito-borne disease, affects ~50 million 

people annually, with 2.5 billion at risk [1]. Transmitted by 

Aedes mosquitoes, it ranges from 1mild to severe 

(DHF/DSS) [2] and follows febrile, critical, and convalescent 

phases [3, 4] Symptoms include high fever, myalgia, 

arthralgia, headache, and rash [4]. Severe cases may cause 

plasma leakage and complications. Dengue is widespread in 

>100 countries, with ~70% of cases in Asia (~400 million 

infections) [5]. Recent outbreaks, like Nepal (2022: 54,000+ 

cases, 67 deaths), highlight the need for better management 
[6]. Diagnosis relies on RT-PCR, viral isolation, and 

serology [7], using NS1 (day 1-9), IgM (day 4-5, peaks 

within two weeks), and IgG (day 10-14, lifelong) [8] to 

differentiate infections. 

Dengue impacts the hematological system, commonly 

causing leukopenia and thrombocytopenia [9]. Leukopenia 

often presents as lymphocytopenia with atypical 

lymphocytes in the febrile phase, while lymphocytosis may 

appear during convalescence [10, 11]. Thrombocytopenia 

(<150,000 platelets/µL) is a key severity marker, increasing 

bleeding risk due to platelet destruction, reduced production, 

and dysfunction [12, 14]. It is also linked to complications like 

skin rashes and hemophagocytosis [15]. 

Dengue pathogenesis involves complex immune 

interactions, where DENV triggers T and B cell responses, 

cytokine release, and endothelial activation [16, 17]. While 

essential for clearance, excessive activation leads to severe 

dengue. Pro-inflammatory cytokines (TNF-alpha, IL-1) 

increase vascular permeability, causing plasma leakage and 

organ dysfunction [18]. Early lymphocytopenia shifts to 

atypical lymphocytosis, with T cells aiding clearance and B 

cells producing antibodies. The mediator theory links DHF 

severity to immune overactivation, with high TNF-alpha 

and IL-1 levels associated with shock [18]. DENV-IgG 

complexes (48-72% in DHF) trigger cytotoxic T-cell 

activation, while apoptosis in monocytes and liver cells 

worsens DHF [18]. 

Hematocrit (Hct) is vital in dengue management, reflecting 

plasma leakage and hemoconcentration [7]. Monitoring HCT 

helps assess the severity and guide fluid therapy. It strongly 

correlates with hemoglobin and can be calculated using Hb 

and MCV [19], though conditions like malaria may alter this 

relationship. Higher dengue prevalence in males may be 

linked to socio-cultural factors like increased outdoor 

exposure [20, 21]. 

This study investigates hematological changes in dengue 

fever, focusing on thrombocytopenia and leukopenia. 

Objectives include assessing their severity, specificity, and 

utility as diagnostic markers, along with exploring 

lymphocytes as predictors of complications. Findings aim to 

enhance diagnosis, risk stratification, and patient 

management for better outcomes. 

 

Material and methods 

Data for this prospective study were obtained from multiple 

hospitals across West Bengal from December 2023 to 

January 2024. It included 250 patients (aged 20-40) with a 

5-day history of high-grade fever and arthralgia. Dengue 

NS1 and IgM ELISA tests identified 111 positive cases. 

Complete blood count (CBC) data were analyzed for all 

patients. Hematocrit (Hct), mean corpuscular volume 
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(MCV), mean corpuscular haemoglobin (MCH), and mean 

corpuscular haemoglobin concentration (MCHC) were 

measured from complete blood counts of dengue patients 

during the acute phase of the disease.  

Statistical Analysis: SPSS 24.0 was used to analyze data. 

Mean and standard deviation were calculated. Pearson's 

correlation assessed the relationship between PCV, 

hemoglobin, and RBC. Linear regression, including 

equation and curve analysis, further evaluated these 

associations. 

 
Table 1: Sensitivity and specificity test (Thrombocytopenia) 

 

 

 

Sensitivity = TP/(TP+FN) = 14/ (14+97) = 0.126 

Specificity = TN/(TN+FP) = 37/ (37+102) = 0.266 

Positive predictive value (PPV) = TP/(TP+FP) = 14/ (14+102) = 0.121 

Negative predictive value (NPV) = TN/(TN+FN) = 37/ (37+97) = 0.276 

Table 2: Sensitivity and specificity test (Leukopenia) 
  

 

 

Sensitivity = TP/(TP+FN) = 30/(30+81) = 0.270 

Specificity = TN/(TN+FP) = 109/(109+30) = 0.784 

Positive predictive value (PPV) = TP/(TP+FP) = 30/(30+30) =0.5Negative predictive value (NPV) = TN/(TN+FN) = 

109/(109+81) =0.574 

Table 3: Combined parameters study (Evaluation of leukopenia combined with thrombocytopenia) 
 

Platelets + TLC Dengue fever Positive cases Dengue fever Negative cases 

<1.5 +<4000 8 16 

<1.5+ >4000 6 86 

>1.5+<4000 22 14 

>1.5+ >4000 75 23 

Total 111 139 

 

Table 4: Mean and SD values between four groups of Dengue patients 
 

Mean±SD 
Dengue with 

leukopenia (n=22) 

Dengue with 

thrombocytopenia (n=6) 

Dengue with both leukopenia 

and thrombocytopenia (n=8) 

Dengue with no leukopenia and 

thrombocytopenia (n=75) 

Age 31.55±14.53 39.17±12.42 39.38±10.72 35.11±14.40 

HB 12.14±1.63 12.65±1.83 11.60±2.17 12.51±2.23 

TLC 2872.73±425.59 4100±1052.62 2487.50±626.64 5481.33±2501.39 

Neutrophil 63.55±9.53 66.5±10.78 62.38±7.19 70.32±13.32 

Lymphocyte 31.59±9.31 27.67±10.86 31.75±6.36 24.23±11.07 

Monocyte 2.27±1.16 2.5±1.22 2.75±0.46 2.19±0.95 

Eosinophil 2.59±1.05 3.33±1.03 3.13±0.83 2.52±0.92 

Basophil 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

ESR 35.32±8.90 36.67±18.99 44.00±23.81 39.01±17.58 

Thrombocyte 2.03±0.47 1.16±0.47 1.36±04 2.21±0.49 

 

Table 5: Correlation between Thrombocyte with TLC and Lymphocyte [**Correlation is negatively significant (p<0.05) in all groups] 
 

Correlation Dengue patient (n = 111) R2 value 
Dependant variable (y) = Lymphocyte 

Independent variable (x) = TLC and Thrombocyte 

Lymphocyte with TLC -0.485** 0.235 y=7.52E3-1.08E2*x 

Lymphocyte with Thrombocyte -0.215** 0.046 y=35.1-4.2*x 
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Fig 1: Linear curve between TLC and Lymphocyte 

 

 
 

Fig 2: Linear curve between Lymphocyte and Thrombocyte 

 

Discussion

This study evaluates leukocyte sensitivity and specificity in 

dengue diagnosis. Hematological data, including leukopenia 

(<4000 cells/cumm) and thrombocytopenia (<1.5 

lac/cumm), were analyzed. These markers help differentiate 

DHF and assess disease severity, even in cases not meeting 

WHO DHF criteria [22, 24]. Sensitivity and specificity must 

balance false positives and negatives, as no single test 

confirms or rules out disease [3, 25]. PPV minimizes false 

positives, preventing overtreatment [26], while NPV reduces 

false negatives, crucial for severe or communicable diseases 
[27]. This study analyzed 111 dengue patients aged 30-40 

years. Descriptive statistics (mean, SD) were used to assess 

hematological trends, including hemoglobin, leukocyte 

count, and thrombocytes (Table 4). Based on CBC reports, 

patients were categorized into four groups: (i) Dengue with 

leukopenia, (ii) Dengue with thrombocytopenia, (iii) 

Dengue with both, and (iv) Dengue without leukopenia or 

thrombocytopenia, highlighting the disease's dynamic 

hematological impact. 

Dengue fever can lower hemoglobin levels, especially in 

Group 3, despite thrombocytopenia and leukopenia not 

directly affecting hemoglobin. The dengue virus infects and 

suppresses bone marrow, reducing RBC production and 

causing anemia. Increased immune-mediated RBC 

destruction and altered vascular function further decrease 

hemoglobin [28]. Plasma leakage dilutes RBCs, creating the 

illusion of lower hemoglobin levels [29]. Though distinct 

conditions, thrombocytopenia, and leukopenia often 

accompany hemoglobin reduction due to dengue’s impact 

on bone marrow and RBCs. Group 1 (dengue with 
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leukopenia) experiences temporary bone marrow 

suppression, reducing total leukocyte count. Leukopenia, 

also seen in conditions like multiple myeloma and aplastic 

anemia, affects all WBC types. Group 4 (dengue without 

leukopenia or thrombocytopenia) shows higher leukocyte 

counts, while Group 3 (both leukopenia and 

thrombocytopenia) has the lowest values. Leukopenia may 

result from DENV-induced myeloid progenitor cell 

destruction, while thrombocytopenia arises from viral 

damage to megakaryocytes or peripheral platelets, reducing 

platelet production. Leukopenia is a key marker of dengue's 

critical phase, with leukocyte counts dropping 4000 

cells/mm³ [9] below. Neutrophils decline more than 

lymphocytes [30], signaling impending plasma leakage. As 

essential immune defenders, neutrophils help combat 

infections. Group 3 (Dengue with leukopenia and 

thrombocytopenia) shows low neutrophil counts due to 

viral-induced apoptosis. Neutropenia may help contain 

dengue by trapping infected platelets [31]. Group 4 has high 

neutrophil counts, reflecting the body's early immune 

response or high TLC. Neutrophils play a key role in 

defense, responding to inflammation and tissue damage. 

Cytokines released during infection stimulate bone marrow 

to produce more neutrophils, increasing their levels in the 

blood. Group 3 shows high lymphocyte counts due to an 

immune response with increased atypical lymphocytes [32]. 

Dengue infection triggers immune activation, leading to an 

inverted CD4/CD8 ratio, excessive cytokine production, and 

atypical T cells [33]. Group 4's low lymphocyte count results 

from lymphocyte migration to lymphoid tissues and 

infection sites. Dengue virus can also suppress bone 

marrow, reducing lymphocyte production [34]. Additionally, 

direct infection and destruction of T and B cells further 

lower their levels in the blood. Monocytes are reduced in 

Groups 1 and 3 due to bone marrow suppression and active 

tissue defense. Dengue virus can lower monocyte 

production, but its impact varies [35]. Eosinophil levels 

decrease in all groups as the immune system prioritizes 

other WBCs [36]. Basophil counts remain unchanged across 

groups. Groups 2 and 4 show lower platelet counts due to 

bone marrow suppression, immune-mediated destruction, 

and increased vascular leakage caused by dengue. 

Correlation measures how two variables change together but 

don’t imply causation. It ranges from -1 (strongly opposed) 

to +1 (strongly aligned), with 0 indicating no link [37]. 

Negative correlations were found between lymphocytes and 

TLC (r = -0.485) and lymphocytes and thrombocytes (r = -

0.215), indicating a detrimental relationship. Regression 

analysis assessed the extent of influence between parameters 
[38]. Regression analysis, like a detective story, identifies 

relationships between a dependent variable (culprit) and 

independent variables (clues). It uses the R-squared (R²) 

value, ranging from 0 to 1, to measure how well the model 

explains variations in the dependent variable. A value of 0 

means no explanation, while 1 indicates a perfect fit. Higher 

R² values suggest a better model fit [39]. Linear regression 

models the relationship between a dependent variable (Y) 

and independent variables (X). Here, lymphocyte count is 

dependent, while TLC and thrombocyte count are 

independent. It helps determine how these factors linearly 

influence lymphocytes, providing a trend through a best-fit 

line [39, 40]. 

This study examined white blood cell changes in dengue 

patients, highlighting leukopenia and thrombocytopenia as 

key severity indicators. Leukopenia signals disease 

progression, while thrombocytopenia reflects severity. 

Inverse relationships were found between lymphocyte count 

and both TLC and platelet count, suggesting opposing 

trends. The study also suggests lymphocytes may help 

predict dengue, warranting further research. 

 

Conclusion 

Leukopenia and thrombocytopenia are valuable markers for 

diagnosing and gauging dengue severity, while lymphocyte 

count may also be linked to disease progression. Further 

research is needed to confirm these findings. 
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