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ABSTRACT

Background: Dengue fever continues to pose significant challenges in public health, particularly within developing countries where
it remains endemic. The ability to distinguish dengue infection from other febrile ilinesses and assess its severity is crucial. The
analysis of hematological parameters and inflammatory biomarkers, particularly C-reactive protein (CRP), offers valuable insights
into the disease's progression.

Objective: This study aimed to delineate the severity of dengue fever through detailed evaluation of complete blood count (CBC)
and CRP levels, and to establish a correlation between these markers and the clinical severity of the infection.

Methods: In this retrospective cross-sectional study, 135 suspected dengue fever patients from the City University of Science and
Information Technology Peshawar were screened using the immune-chromatographic technique (ICT). Among them, 50 individuals
(37%) tested positive for dengue. Both CBC and CRP levels were measured, with data analyzed using the statistical package SPSS
version 22.0. The study spanned demographic data collection, gender and age distribution assessment, and detailed analysis of
hematological parameters alongside CRP to predict disease severity.

Results: Among the confirmed cases, the gender ratio skewed towards males (60%) compared to females (40%), with the most
affected age group being 15-25 years (34%). Leukopenia was identified in 58% of patients with a mean WBC count of 2.62 x 1029/L,
neutrophilia in 66% with a mean neutrophil percentage of 80.15%, and lymphopenia in 56% with a mean lymphocyte percentage of
10.28%. Thrombocytopenia was observed in 76% of the cases. Elevated CRP levels were found in 88% of patients, with a mean CRP
value of 23.10, indicating a strong predictive correlation with disease severity (p-value= 0.001).

Conclusion: The study reaffirms the role of CBC and CRP levels in the clinical assessment of dengue fever, with both markers being
indicative of infection severity. These findings can aid in the early detection and management of dengue fever, potentially guiding
decisions regarding the necessity of hospitalization.

Keywords: Dengue Fever, Hematological Parameters, C-Reactive Protein, Complete Blood Count, Thrombocytopenia, Leukopenia,
Public Health.

INTRODUCTION

Dengue infection, a mosquito-borne viral disease caused by an arbovirus transmitted via an arthropod vector, remains a significant
public health concern globally (1). The genetic structure of the dengue virus (DENV), characterized by a positive-sense single-
stranded RNA within an icosahedral core, classifies it under the family Flaviviridae and genus Flavivirus (2, 3). DENV encodes a single
polyprotein that undergoes cleavage to form three structural and seven nonstructural proteins, critical for its replication and host
interaction (4, 5). Typically presenting with high fever, muscle and joint pain, rash, and gastrointestinal symptoms, dengue can lead
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to severe complications like hemorrhagic fever and profound fatigue, symptoms that often subside after a week but may leave
lingering effects for weeks (6-8).

The epidemiological profile of dengue in Pakistan has shown significant outbreaks, particularly post-monsoon, with substantial
morbidity and mortality rates reported during major outbreaks, such as those in Lahore in 2011 and more recently across 15 districts
in Khyber Pakhtunkhwa as per the Integrated Disease Surveillance and Response System (9, 10). These outbreaks underline the
urgent need for effective monitoring and control strategies, given the absence of a vaccine or specific antiviral treatments for dengue.
In clinical settings, the role of hematological parameters such as white blood cells, red blood cells, and platelets, routinely measured
by a complete blood count (CBC), becomes crucial in managing dengue infection (11, 12). Research indicates significant changes in
CBC profiles during the infection, particularly from days 3 to 8 of fever, highlighting the presence of leukopenia, thrombocytopenia,
and hemoconcentration—key indicators of the disease’s progression (13). Additionally, hemoglobin concentration, a vital parameter
for oxygen delivery, shows variations linked to the severity of the disease, particularly in cases with plasma leakage (15).

Moreover, the inflammatory response in dengue can be gauged by biomarkers like serum glutamic-pyruvic transaminase, alkaline
phosphatase, and notably, C-reactive protein (CRP) (16). CRP levels, which increase significantly in response to inflammation, are
instrumental in distinguishing between bacterial and viral infections, and high levels are indicative of severe dengue infection (17-
19). The binding of CRP to damaged tissues and pathogens highlights its role in the inflammatory process and its potential as a
prognostic marker in clinical settings (20).

Despite the known impact of dengue, significant research gaps exist, particularly in the hematological and biochemical profiling of
patients in endemic regions like Pakistan. This study aims to address these gaps by analyzing disease severity through CBC and CRP
levels, exploring their potential to serve as predictors for the prognosis of dengue fever. Such research is vital for developing
strategies that can enhance early diagnosis, improve patient management, and ultimately curb the global spread of dengue,
considering the high global risk of transmission and the crucial role of immunity in disease outcomes.

MATERIAL AND METHODS

This study was conducted as a retrospective cross-sectional and experimental analysis over a period of six months at the Medical
Laboratory Technology (MLT) lab of City University of Science and Information Technology (CUSIT), Peshawar, Pakistan. The research
aimed to evaluate hematological parameters and C-reactive protein levels in individuals diagnosed with dengue to assess disease
severity and potential prognostic indicators.

Participants for the study were recruited from the district of Peshawar, Khyber Pakhtunkhwa (KPK), a region endemic to dengue
fever, located approximately 160 km west of Islamabad. According to the 2017 census, Peshawar has a population of 4,269,079. The
inclusion criteria specified individuals who tested positive for dengue across both genders. Conversely, the exclusion criteria
eliminated those who were asymptomatic for dengue or had other acute infectious diseases such as measles, influenza, and
hepatitis.

The sample size comprised 50 confirmed dengue cases, and the collection involved multiple well-established medical facilities within
Peshawar, including Lady Reading Hospital, Hayatabad Medical Complex, Khyber Teaching Hospital, and several other private entities
such as MMC Hospital and Mercy Teaching Hospital. Blood samples were obtained using sterile syringes, collected into containers
such as gel tubes and Ethylene diamine tetra acetic acid (EDTA) tubes to prevent clotting and preserve the blood morphology.
Ethical approval for the study was granted by the Studies Committee of CUSIT, Peshawar, in accordance with ethical standards laid
down in the 1964 Declaration of Helsinki and its later amendments. All participants received a comprehensive explanation of the
study objectives and procedures, and informed consent was obtained prior to sample collection.

Materials and equipment utilized included sterile syringes, tourniquets, gel tubes, EDTA tubes, test tube racks, cotton, alcohol pads,
saniplast, pipettes, a centrifuge machine, a hematology analyzer, dengue NS1 antigen strips, normal saline, and a CRP kit. Blood
samples were transported to the laboratory under controlled temperature conditions (2-8C) using carriers equipped with racks and
ice packs to ensure the integrity of the samples.

Data analysis was conducted using statistical software to evaluate the relationship between hematological changes and CRP levels
as predictors of dengue severity. Statistical significance was assessed through various analytical methods, including t-tests for
comparing means and regression analysis to determine correlations between independent and dependent variables. The findings
were intended to provide insights into the prognostic value of these markers in the clinical management of dengue.

RESULTS

In the retrospective analysis of 50 dengue-infected patients, a pronounced gender disparity was observed with males constituting
60% and females 40%. All participants tested positive for dengue, showcasing a 100% infection rate within the sampled individuals.
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Age distribution skewed towards the younger demographic, with 34% falling within the 15-25 age bracket, closely followed by the

26-35 age group at 32%. Patients aged 36-45 comprised 26%, while the 46-55 age group represented the smallest fraction at 8%.

The mean age of participants was 31.76 + 10.30 years, with males averaging at a slightly younger age of 29.36 + 10.56 compared to

females, who had a mean age of 35.35 + 8.98 years. Notably, the correlation between age and gender was strongly positive and
statistically significant (r = 0.964, p = 0.001).
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Figure 1 Scan of Respective Lab Values

Hematological assessments further revealed that 58% of the
patients experienced leukopenia, with a mean white blood cell
(WBC) count of 2.62 x 1079/L, whereas the remaining 42% had a
normal WBC count, averaging 8.48 x 1079/L. Neutrophil
percentages significantly increased to a mean of 80.15% in 66%
of patients, indicating neutrophilia, while the rest maintained a
normal neutrophil percentage at a mean of 64.70%. Lymphocyte
analysis showed a decrease in 56% of the patients, with the mean
lymphocyte percentage at 10.28% for those affected, in contrast
to a normal mean percentage of 31.86% among the others. The
study revealed a significant correlation (r = 0.470, p < 0.001)
between lymphocytes and neutrophils counts.

Figure 2 Agglutination on CRP strip indicating CRP positive result

Table 1 Lab Value Characteristics

Sex Age WBC Lymph% Gran% Lymph# Gran# RBC HGB HCT MCV
Years (x1079/L) (x10A9/L) | (x10A9/L) | (x10212/L) | (g/dL) | (%) (fL)
M 2.8 10% 18% 0.3 0.5 4.53 15.0 42.2 88.5
M 4.8 23.5% 4.4% 1.1 0.2 511 15.1 37.6 112
M 21 6.2 25% 3.5% 1.6 0.2 4.90 154 44.0 89
M 4 12.0 36% 36.5% 3.7 6.5 4.64 13.1 36.7 79

The study further noted that platelet counts were significantly lower in 76% of patients, indicative of thrombocytopenia, with a mean

platelet count of 106.21, as opposed to a mean count of 181.08 in patients with normal platelet levels.
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markers, CRP levels were

elevated in 88% of the
patients, underscoring its

45 to 55

15 to 25 potential as a biomarker for

Female 351045 disease severity. The mean
CRP level across the cohort
was 23.10, with a standard
Male deviation of 13.67.
Statistical analysis
confirmed a  significant
positive correlation
25 to 35 between WBC count and
CRP levels (r = 0.401, p =
Figure 3 Age and Gender Distribution 0.004).

The data underscores the
hematological impact of the dengue virus and emphasizes the potential of CRP as a marker for assessing the severity of the infection.
The significant alterations in WBC, neutrophil, lymphocyte, and platelet counts demonstrate the virus’s systemic effect, with the
young adult population appearing most susceptible. The robust statistical association between these hematological parameters and
CRP levels provides a foundation for future research into targeted treatments and diagnostics.

DISCUSSION

In the wake of the surging dengue virus outbreaks, particularly in developing countries, there has been a growing concern regarding
its impact on public health. This virus has primarily affected tropical regions, prompting a reevaluation of diagnostic criteria and
prognostic indicators. The study at hand was orchestrated to dissect the implications of dengue infection through the lens of
complete blood count (CBC) parameters and C-reactive protein (CRP) levels, leveraging these markers as potential predictors for the
infection's severity.

A cohort of 135 individuals suspected of dengue infection was initially considered, from which 37% were ultimately diagnosed with
the disease. Notably, the male subset represented a larger proportion of the infected group, accounting for 60% compared to the
40% prevalence observed in females. This gender-based disparity aligns with previous regional research by Shahid M, Amin |, Afzal
S, Fatima Z, Zahid S. et al., who documented a similar male predominance in KPK and Punjab (21), though it diverges from findings
by Suleman M, Faryal R, Alam MM, Khurshid A, Sharif S, et al., who reported a higher infection rate among females in KPK (22). The
predilection for males in this study could be attributed to increased exposure from outdoor activities, a hypothesis that warrants
further investigation.

Age distribution within the infected population indicated a concentration of cases among younger age groups, especially notable
within the 15-25 year cohort. The findings from Gadhwal AK, Ankit BS, Chahar C, Tantia P, et al., which reported higher infection
rates among older individuals in Singapore (23), serve to underscore the demographic variations in disease prevalence that might
be attributed to differing social behaviors or immune status across age groups.

Hematological parameter evaluation revealed a significant incidence of leukopenia in the patient population. The mean WBC count
in leukopenic individuals was markedly reduced, paralleling findings from Chaloemwong, J., Tantiworawit, A., Rattanathammethee,
T., Hantrakool, et al. (59). Neutrophil percentage was notably elevated among individuals with neutrophilia, which was consistent
with the results reported by Patel, K., Patel, D., & Das, V. K. et al. (25). Furthermore, lymphocyte percentages decreased significantly
in more than half of the patients, with overall mean values resonating with those reported by Patel, K., Patel, D., & Das, V. K. et al.,
and corroborated by findings from Jayadas, T. T. P, Kumanan, T., Arasaratnam, V et al. (60, 61).

The study also reported significant thrombocytopenia, a common abnormality in dengue patients, echoing the research by Anwar,
F., Ahmad, S., Haroon, M., Haq, I. U. et al., from the Mardan district, and findings from Nandwani, S., Bhakhri, B. K., Singh, N., Rai,
R.et al., who documented reduced platelet counts in a pediatric cohort (26, 27). The implications of these hematological changes
are profound, as they not only signal the infection’s progression but also assist clinicians in stratifying patients based on the severity
of their symptoms.

CRP, an acute phase reactant synthesized by the liver, serves as a beacon of infection or inflammation, with concentrations escalating
in severe viral infections or bacterial comorbidities. This study's CRP findings are corroborated by the research from Manipal, India,
© 2024 et al. Open access under Creative Commons by License. Free use and distribution with proper citation.
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where severe dengue patients exhibited markedly elevated median CRP levels, a trend also noted by Chen, R., & Vasilakis, N. et al.
(29). The high CRP levels observed in the majority of this study's patients underscore its utility as a reliable diagnostic aid in
ascertaining the severity of dengue fever.

Reflecting on the study’s strengths, the use of CBC and CRP offered an insightful glimpse into the severity of dengue infections,
providing clinicians with valuable tools for early detection and potential hospitalization needs, particularly in elderly patients.
However, the study is not without limitations. The gender distribution discrepancy warrants a more extensive analysis to discern the
underlying causes. Furthermore, the sample size, although adequate for preliminary analysis, could be expanded in future research
to enhance the generalizability of the findings.

CONCLUSION

In conclusion, the insights gleaned from this study illuminate the pathophysiological underpinnings of dengue fever and solidify the
role of CBC and CRP in the clinical assessment of this disease. Recommendations stemming from these findings advocate for the
integration of these parameters in routine diagnostics to bolster the efficacy of clinical management strategies for dengue.
Additionally, public health initiatives focusing on reducing male exposure to dengue vectors and reinforcing preventive measures
across all age groups could mitigate the incidence of this debilitating disease.
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