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ABSTRACT 

Objective. The current study was aimed to evaluate the impact of molecular and blood 
biomarkers on the severity of dengue fever. 

Method. This study was conducted at the Center for Microbiology and Biotechnology, 
University of Peshawar, Khyber Pakhtunkhwa, Pakistan from June 2022 to November 
2022. A total of 2,400 individuals exhibiting prominent signs and symptoms of dengue 
fever were enrolled. These subjects were screened for the presence of NS1, IgG, and IgM 
antibodies, as well as molecular biomarkers, using PCR. 

Results. Out of the 2,400 suspected cases, 801 (33.37%) were confirmed for dengue fever 
based on NS1 antigen (33.37%), as well as IgG (3.37%) and IgM (11.25%) antibodies, 
with RT-PCR demonstrating 98.2% sensitivity. The DENV-3 serotype was identified as 
the most prevalent (61.18%). The highest infection rate was observed in men (56.05%), as 
compared to women (43.95%). The most affected age group was 16-30 years (46.19%). 
Common symptoms among the patients included fever (100%), muscle pain (100%), 
headache (69.78%), vomiting (49.2%), and skin rash (35.08%). The study found a 
significant association (p < 0.05) between hematological parameters and dengue infection, 
highlighting a significant decrease in total leucocyte count (TLC), eosinophils, neutrophils, 
and platelets, as well as a significant increase in monocytes and lymphocytes. Additionally, 
mild cases exhibited fewer clinical signs as compared to severely infected cases. 

Conclusion. Based on the current report, it was concluded that climate change, rapid 
urbanization, and the emergence of different serotypes may escalate dengue outbreaks in 
District Peshawar, KPK, Pakistan. This highlights the critical necessity for extensive 
insect-control operations, public education campaigns, and climate-responsive strategies 
to successfully prevent future dengue epidemics. 
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Highlights 

● The current study was aimed to evaluate the severity of dengue infection based on 
molecular and blood biomarkers.  

● In comparison with immunological tests, RT-PCR detection was determined as more 
specific and sensitive for identifying dengue virus infection.  

● Molecular biomarkers, such as DENV-3, were determined as more predominant and a 
significant association between hematological parameters and dengue severity was 
established. 

1. INTRODUCTION  

A high ratio of dengue virus outbreaks 
have been reported all over the world, 
including in regions previously considered 
non-endemic. This mosquito-borne viral 
disease is particularly common in tropical 
and subtropical regions [1]. The World 
Health Organization (WHO) estimates that 
100–400 million cases of dengue occur 
annually, with approximately 96 million 
being clinically diagnosed [2]. As of 
September 2024, Pakistan had recorded 
2,795 new dengue cases, with Balochistan 
being the worst-hit area, reporting the 
highest number of cases in a single week. 
The dengue virus (DENV) is a single-
stranded positive-sense RNA virus, which 
belongs to the Flaviviridae family and the 
Flavivirus genus [1]. There are four 
primary DENV serotypes found globally 
(DENV-1, DENV-2, DENV-3, DENV-4), 
along with the rare DENV-5 serotype. 
Previous studies confirmed the prevalence 
of various DENV serotypes in different 
regions of Pakistan, including Punjab 
(DENV-1, 2, 3, and 4) and Khyber 
Pakhtunkhwa (DENV-2 and 3) [2, 3], with 
DENV-5 documented through 
neutralization techniques [4, 5]. 

DENVs are transmitted by female 
Aedes mosquitoes classified into two 
groups, namely primary vectors (Aedes 
aegypti), or yellow fever mosquitoes) and 

secondary vectors (Aedes albopictus). The 
infection can be asymptomatic or may 
cause fever, mimicking other health issues, 
such as dengue fever (DF), dengue 
hemorrhagic fever (DHF), and dengue 
shock syndrome (DSS) [6]. About 5-10% 
of severe dengue cases result in mortality, 
while the remaining patients recover and 
develop immunity [2]. 

Since the first reported case in Punjab 
in 1982, dengue virus infection has become 
endemic in Pakistan [7]. The country has 
experienced several deadly outbreaks. A 
significant outbreak occurred in Punjab in 
2011, with 21,685 cases and 350 deaths [8–
10]. The first major and lethal outbreak in 
Khyber Pakhtunkhwa (KPK) was 
documented in Swat in 2013, with 8,546 
cases and 33 deaths [11]. Another severe 
outbreak occurred in KPK in 2017, 
resulting in 24,938 cases and 70 fatalities 
[1]. According to the National Institute of 
Health (NIH), a total of 25,932 cases with 
62 deaths were reported between January 
and September 2022. Sindh accounted for 
the highest proportion of cases (32%, 
n=6,888), followed by Punjab (29%, 
n=6,255), Khyber Pakhtunkhwa (25%, 
n=5,506), and Balochistan (14%, n=3,128) 
[12]. As of 2024, more than 20,072 
confirmed cases have been reported in 
Pakistan by the end of the month of 
September, with a significant number of 
cases documented in Sindh, Punjab, and 
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KPK [13]. In this backdrop, the current 
study aimed to evaluate the incidence of 
dengue infection in District Peshawar, 
KPK. Additionally, it assessed the clinical 
manifestations and laboratory markers of 
dengue-positive patients. 

2. MATERIAL AND METHOD 

2.1. Study Area 

The current study was conducted in 
District Peshawar, KPK, Pakistan. 
Peshawar, the largest city and capital of the 
KPK province, is situated in the 
northwestern region of the country. 
According to the most recent census, the 
district has a population of approximately 
4,331,959, spread across an area of 1,257 
square kilometers. About 45% of the 
population resides in urban areas, with an 
average annual growth rate of 3.93%. 

2.2. Sample Size and Processing 

The study included 2,400 suspected 
patients presenting with various symptoms, 
including persistent fever, nausea, 
vomiting, skin rashes, and muscle or body 
pain. Blood samples were collected from 
these individuals at the Khyber Teaching 
Hospital (KTH), Peshawar. Diagnostic 
tests, including the detection of NS1, IgM, 
and IgG antibodies, were performed at the 
Microbiology Laboratory of the University 
of Peshawar. Positive samples were further 
analyzed using RT-PCR to identify 
different dengue serotypes within 24 hours. 

2.3. Immunological Tests 

Venous blood samples (4 ml) were 
collected from suspected patients in aseptic 
EDTA tubes. The samples were centrifuged 
at 3,000 rpm for 6 minutes to obtain plasma 
for the detection of anti-dengue antibodies 
using the Tuber Dengue NS1 Ag ELISA 
(Merux Pty Ltd., Australia). To convert the 
anticoagulated plasma into serum, the 

anticoagulant was neutralized using 
different methods, such as dialysis or ion 
exchange resins. After the removal of the 
anticoagulant, the samples were allowed to 
clot, facilitating the separation of the 
serum. However, for improved efficiency 
and simplicity, non-anticoagulated blood 
was utilized primarily for direct serum 
extraction, allowing natural clotting to 
occur without additional processing. The 
presence of dengue virus-specific IgM 
antibodies was analyzed using an IgM 
capture ELISA (TUBER ELISA Dengue 
IgM, Merux Pty Ltd., Australia). The 
presence of anti-IgG antibodies was 
confirmed using TUBER ELISA Dengue 
IgG (Merux Pty Ltd., Australia). 

2.4. Molecular Identification of Dengue 
Virus/Serotypes 

In this study, dengue-positive samples 
were identified using RT-PCR for viral 
RNA detection and different serotypes 
were evaluated following the standard 
protocol [3]. Dengue RNA was extracted 
from 140µl serum using viral kit (QIA mini 
kit, Qiagen, Germany). A real-time 
Taqman PCR (one-step) was performed for 
dengue serotyping and detecting viral 
RNA. The viral RNA was used for different 
serotypes including DENV1-DENV-4. We 
used Dengue serotype specific primers, 
namely Dengue-Forward, (DF1): 
CAAAAGGAAGTCGTGCAATA and 
Dengue-Reverse (DR1): 
CTGAGTGAATTCTCTCTACTGAACC, 
including the Type Specific 1 (TS1) primer 
for 
DENV1:CGTCTCAGTGATCCGGGGG,
TS2(DENV2):CGCCACAAGGGCCATG
AACAG,TS3(DEN3:TAACATCATCAT
GAGACAGAGC,TS4(DENV4):CTCTGT
TGTCTTAAACAAGAGA. 
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3. RESULTS  

3.1. Demographics  

Of the 2,400 suspected cases, 801 
(33.37%) were confirmed as dengue 
positive, while 1,599 (66.62%) were 
observed as negative. The highest infection 
rate was observed in men, accounting for 
56.05% (n=449) of the confirmed cases, as 
compared to women accounting for 43.95% 
(n=352) of cases, as shown in Table 1. The 
current study divided the dengue-positive 

population into different age groups, 
including 1-15 years, 16-30 years, 31-45 
years, 46-60 years, and above 60 years. The 
most affected age group was 16-30 years 
with 1,080 (45%) cases, followed by the 
age group 31-45 years with 529 (22.04%) 
cases, 1-15 years with 492 (20.5%) cases, 
46-60 years with 240 (10%) cases, and the 
least affected was above 60 years age group 
with 59 (2.46%) cases (Table 1).  

Table 1. Gender-wise and Age-wise Distribution of Dengue-positive Cases 

Variable Number of Positive Cases Percentage p-value 
Gender   

0.001 

Male 449 56.05 
Female 352 43.95 
Total 801 100 
Age  % 
1-15 89 11.11 
16-30 370 46.19 
31-45 274 34.2 
46-60 56 6.99 
>60 12 1.49 
Total 801 100 
SD± 27.71±15.15  

3.2. Immunological Information 

All patients in the study were tested 
using ICT and ELISA techniques for the 
presence of NS1, IgM, and IgG antibodies, 
confirming 801 positive dengue cases. All 
samples tested positive for NS1, while 270 
(33.75%) tested positive for IgM, and 81 

(10.1%) tested positive for IgG antibodies 
using the ICT technique. Similarly, the 
samples (2,160) were examined for dengue 
antibodies and antigens using ELISA. Of 
these, 279 (28.79%) were tested positive 
for NS1, followed by 196 (33.91%) for 
IgM, and 107 (17.45%) for IgG, as shown 
in tables 2 and 4. 

Table 2. Frequency of Anti-dengue Antibodies in Positive Cases 

3.3. Clinical Manifestations  

Several associated clinical features 
were compared between dengue-positive 

and dengue-negative patients. Among the 
801 dengue-positive patients, all (100%) 
experienced muscular pain, as compared to 

Anti-dengue Antibodies Number of Cases (%) Positive (%) p-value 
NS1 1599 (66.62) 801 (33.37) - 
IgG 2319 (96.62) 81 (3.375) 0.78 
IgM 2130 (88.75) 270 (11.25%) 0.70 



Clinical Significance of Molecular and… 

70 
BioScientific Review 

Volume 7 Issue 1, 2025 

1,201 (75%) dengue-negative patients. 
Headaches were reported by 559 (69.78%) 
dengue-positive patients and 945 (59.1%) 
dengue-negative patients. Additionally, 
vomiting, abdominal pain, rashes, and 
cough were noted in 529 (33%), 161 
(10.1%), 129 (8%), and 401 (25%) dengue-
negative patients, respectively. In contrast, 
394 (49.2%), 299 (37.32%), 281 (35.08%), 
and 201 (25.09%) dengue-positive patients 
reported vomiting, abdominal pain, rashes, 
and cough, respectively. Other symptoms 
in dengue-positive patients included 
nosebleed (86, 10.73%), hematuria (102, 
12.73%), and shock (103, 12.85%) (Table 
3). 

On the basis of symptoms, dengue-
positive patients were categorized into 
mild, moderate, and severe infection 
groups. Of the 801 dengue-positive 
patients, 436 (54.43%) exhibited mild 
symptoms, 284 (35.45%) were moderately 
affected, and 81 (10.11%) developed severe 
conditions. Among the severe cases, 
headaches (72, 89%), vomiting (64, 
79.1%), abdominal pain (29, 72.5%), 
rashes (56, 69.2%), cough (37, 45.8%), 
shock (69, 85.2%), hematuria (25, 30.9%), 
and nosebleed (25, 30.9%) were prevalent. 
These findings indicate that severe dengue 
infections are associated with more 
pronounced and serious symptoms, as 
compared to moderate and mild infections. 

Table 3. Clinical Manifestations of Suspected and Dengue-positive Patients 

Clinical 
Symptoms 

DENV- 
Negative 

1599 (66.625%) 

DENV- 
Positive 

801 
(33.375) 

DENV- Mild 
436 

(18.16%) 

DENV- 
Moderate 

284 
(11.833%) 

DENV- 
Severe 

81 (3.375) 

Fever 1599 (100) 801 (100) 436 (100) 284 (100) 81 (100) 
Headache 945 (59.1) 559 (69.78) 274 (62.84) 213 (75) 72 (89) 
Vomiting 529 (33.0) 394 (49.2) 150 (34.4) 180 (63.4) 64 (79.1) 
Skin rash 129 (8) 281 (35.08) 110 (25.22) 115 (40.5) 56 (69.2) 
Muscles pain 1201 (75) 801 (100) 436 (100) 284 (100) 81(100) 
Fatigue 1009 (63.1) 753 (94.0) 388 (88.99) 284 (100) 81 (100) 
Nose bleed 00 86 (10.73) 11 (2.52) 50 (17.772) 25 (30.9) 
Cough 401 (25) 201 (25.09) 61 (14.0) 103 (36.3) 37 (45.8) 
Abdominal 
pain 161 (10.1) 299 (37.32) 127 (29.12) 108 (38.1) 64 (79.1) 

Hematuria 00 102 (12.73) 13 (2.98) 64 (22.6) 25 (30.9) 
Shocks 0 103 (12.85) 0 34 (12.0) 69 (85.2) 

Table 4. Comparative Analysis of the 
Diagnostic Sensitivity of Various 
Techniques 

Technique 
Name 

Tested 
Cases 

Positive 
Cases (%) 

Sensitivity 
(%) 

ICT 
NS1 2400 801 88.9 
IgM 2400 270 69.2 
IgG 2400 81 24.8 
Overall - - 71.2 

ELISA 
NS1 969 279 (28.79) 93.3 
IgM 578 196(33.91) 86.3 

Technique 
Name 

Tested 
Cases 

Positive 
Cases (%) 

Sensitivity 
(%) 

IgG 613 107 (17.45) 74.8 
Overall - - 85.0 

PCR 
RT-PCR 240 219 98.2 

3.4. Incidence of Molecular Biomarkers 
for RT-PCR 

Of the 240 samples selected for 
molecular analysis, 219 were confirmed 
positive using RT-PCR. Among these, the 
most prevalent serotype was DENV-3, 
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accounting for 61.18% of all cases. This 
was followed by DENV-2 at 25.74% and 
DENV-1 at 13.69%, while the least 
documented serotype was DENV-4 at 
1.36%, as detailed in Table 5. 

Table 5. Distribution of Dengue Serotypes  

Serotype Positive Percentage (%) 
DENV-1 30 13.70 
DENV-2 52 23.74 
DENV-3 134 61.19 
DENV-4 3 1.37 
Total 219 100.0 

 

 

 

 

3.5. Blood Biomarkers and Disease Level 
of Dengue Patients  

 Various blood biomarkers were 
evaluated to determine disease severity 
among mild, moderate, and severe groups. 
A significant decrease in platelet count 
(thrombocytopenia) was observed in both 
the moderate (149.96±31.83 μl) and severe 
(64.24±108.74 μl) group (p-value < 0.05). 
The hematocrit level was notably elevated 
in the severe group (38.04±8.90, 95 % CI), 
which indicates RBC concentration as a 
result of plasma leakage. Conversely, WBC 
count was statistically insignificant across 
all groups (p-value > 0.05). Bivariate 
analysis showed a strong positive 
correlation between platelet count (μl) and 
WBC count (10^9/l) (r= 0.467, p= 0.000), 
as detailed in Table 6. 

Table 6. Blood Biomarkers at Different Disease Levels 

Biomarkers Total  
n= 801 

Mild  
n=436 

(95% CI) 

Moderate 
n=284 

(95% CI) 

Severe  
n=81  

(95% CI) 

p-
value 

Neutrophils% 68.39±14.84      
(67.36-69.42) 

69.93±14.55 
(68.56-71.30) 

67.57±14.91 
(65.83-69.32) 

62.96±14.83 
(59.68-66.24) 0.001 

Platelets 
count (μl) 

205.35±96.76 
(198.64-212.07) 

267.80±69.02 
(261.3-274.3) 

149.96±31.83 
(146.2-153.68) 

64.24±108.74 
(40.20-88.29) 0.001 

Lymphocytes 
count (%) 

21.91±13.32 
(20.98-22.83) 

20.31±12.80 
(19.11-21.52) 

22.80±13.75 
(21.19-24.41) 

27.32±12.98 
(24.45-30.20) 0.05 

WBCs (109/l) 6.23±3.16  
(6.01-6.45) 

7.18±3.31 
 (6.87-7.49) 

5.02±2.14  
(4.77-5.27) 

5.36±3.62 
(4.56-6.16) 0.05 

Hematocrit 
(%) 

37.39±5.68 
(37.00-37.7) 

36.72±5.08 
(36.24-37.20) 

38.24±5.26 
(37.63-38.86) 

38.04±8.90 
(36.07-40.01) 0.005 

Hb (g/dl) 13.33±2.04 
(13.19-13.48) 

13.03±1.81 
(12.85-13.20) 

13.74 ±1.89 
(13.52-13.96) 

11.56±3.17 
(11.87-13.26) 0.001 

3.6. Month-wise Incidence of Dengue 
Fever 

The current study reported dengue 
incidence from June 2022 to November 
2022. The month of September was marked 

with the highest number of cases (n=306, 
38.25%), followed by August (n=235, 
29.38%), July (99, 12.35%), June (85, 
10.63%), October (65, 8.13%), and 
November (11, 1.37%), as shown in Figure 
1. 



Clinical Significance of Molecular and… 

72 
BioScientific Review 

Volume 7 Issue 1, 2025 

 
Figure 1. Monthly Incidence of Dengue Infection 

4. DISCUSSION 

There has been an exponential rise in 
dengue cases in Pakistan for the last two 
decades due to climate change, particularly 
floods [14][15]. The incidence of this 
mosquito-borne viral disease has increased 
significantly in tropical and subtropical 
regions. In Pakistan, dengue infection has 
become more prevalent over the years, with 
all four serotypes reported in various 
regions, often with severe consequences 
[1][3][9][16][17]. This study aimed to 
evaluate the molecular and blood 
biomarkers associated with the severity of 
dengue fever in Peshawar, Pakistan. A total 
of 2400 suspected serum samples were 
analyzed for dengue virus infection using 
various immunoassay techniques. 

Among these samples, 801 (33.37%) 
were confirmed as dengue-positive using 
immunological tests detecting anti-dengue 
antibodies. Previous studies determined 
these tests as the most efficient and 
convenient method to detect the acute 

phase of dengue infection [16][18][19]. 
The current study evaluated the diagnostic 
accuracy of various immunoassay 
techniques, such as ICT and ELISA, at the 
early stage of DENV infection. The overall 
sensitivity of ICT was observed as 71.1%, 
with NS1 value of 88.9% and IgM and IgG 
values of 69.2% and 24.8%, respectively. 
Similarly, ELISA showed greater 
sensitivity (85.0%) in identifying NS1 
(93.3%), IgM (86.3), and IgG (74.8%). 
Comparatively, ELISA was found to have 
greater sensitivity than ICT due to its 
comprehensive diagnostic accuracy and 
minimum false reading. In this regard, the 
findings are consistent with previous 
studies [19][20]. 

The current study also evaluated 240 
dengue samples using RT-PCR. Of these, 
219 (91.2%) were confirmed positive for 
dengue virus, along with DENV serotypes. 
The most commonly reported serotype was 
DENV-3 (61.19%), followed by DENV-2 
(23.74%), and DENV-1 (13.70%), while 
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the least frequent was DENV-4 (1.37%). 
These findings align with the findings of 
other studies in Pakistan [1][3] but contrast 
with studies conducted in other regions 
where DENV-2 was found to be more 
prevalent [21]. 

The study recorded a higher infection 
rate in men (56.05%) as compared to 
women (43.95%), which is consistent with 
previous research [17][22]. This gender 
disparity may be due to cultural factors, as 
men are more active outdoors and thus 
more exposed to mosquito bites, while 
women are generally more restricted in 
their outdoor activities. However, some 
studies have reported different gender-
related findings [23][24]. The current study 
also revealed the highest number of cases in 
16-30 years old (45%), which aligns with 
other reports [15][25][26][27], but differs 
from studies showing higher infection rates 
among children [16, 24]. This variation 
may be due to differences in immune status, 
past exposure to different serotypes, and 
delays in seeking medical care. 

This study also revealed the highest 
dengue incidence in the month of 
September (38.25%), followed by August 
(29.375%). This trend is consistent with 
previous studies indicating that the post-
monsoon season, which favors mosquito 
propagation, is more susceptible to dengue 
outbreaks [1][14][28]. Another study 
argued that the transmission of dengue 
virus is strongly associated with humid 
conditions which supports the propagation 
of the Aedes aegypti mosquito [20]. 

According to WHO, clinical 
manifestations are crucial to detect and 
monitor dengue virus infection [25, 26, 30]. 
In this study, the most common symptoms 
among dengue-positive patients were high 
fever (100%), muscle pain (100%), 
headache (69.78%), vomiting (49.2%), 

rashes (25.08%), and abdominal pain 
(37.32%). These symptoms are consistent 
with other reports on dengue infection 
[29][31][32], although some studies 
reported different clinical outcomes, 
possibly due to variations in the virus strain 
or virulence factors [21]. 

Furthermore, thrombocytopenia was 
observed in 365 dengue-positive patients 
(moderate and severe cases). This decrease 
in platelet level is consistent with other 
studies and may be due to abnormalities in 
megakaryocytes and bone marrow 
suppression [15][16][33]. Additionally, a 
significant increase in hematocrit level was 
noted in severe cases, likely due to blood 
vessel permeability and plasma leakage. A 
decrease in HB level was also observed in 
severe cases, possibly due to hemolysis 
[16][18]  

4.1. Conclusion 

This study highlighted the increasing 
risk of the prevalence of dengue virus 
infection in Peshawar district, KPK, 
Pakistan. Evidence suggests that certain 
factors such as climate change, 
urbanization, and the presence of different 
dengue serotypes are responsible for the 
dengue burden. It was concluded that 
effective vector control programs, 
improved community education 
campaigns, and weather monitoring 
strategies are critical to manage the 
transmission period as well as future 
outbreaks. 
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