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ABSTRACT: Background: Dengue is an arthropod-borne viral 

disease caused by the dengue virus (DENV). DENV is an RNA virus 

that belongs to the Flavivirus genus. The incidence of dengue has 

grown in the recent decade globally. The World Health Organization 

(WHO) considers dengue as a major global public health challenge in 

the tropic and sub-tropic nations. Materials and Methods: NS1 

antigen and IgM antibody ELISA were done, and the serum levels of 

Vitamin-D and Mannose Binding Lectins (MBL) were determined to 

find out their association with the severity of Dengue, i.e., Dengue 

fever (DF) / Dengue Haemorrhagic Fever status (DHF). Results: The 

male-to-female ratio was 1.35:1 with the most commonly affected age 

group of 11-20 years (31.3%). NS1 antigen ELISA alone was positive 

in 12 (15%) samples, IgM ELISA alone was positive in 20 (25%) 

samples, while NS1 and IgM ELISA both were positive in 48 (60%) 

samples. 64 (80%) and 16 (20%) cases were DF and DHF, 

respectively. Conclusion: Thrombocytopenia is significantly notable 

in DHF patients as compared to DF patients. Both NS1 and IgM 

ELISA are needed to effectively diagnose dengue cases. The 

association of low levels of MBL with DF and DHF might be related 

to the reduced activation of the MBL pathway of complement, leading 

to a higher viral load in dengue cases. 

INTRODUCTION: Dengue is an arthropod-borne 

viral disease caused by the Dengue virus (DENV). 

DENV is an RNA virus belonging to the genus 

Flavivirus. DENV changes genetically during 

natural transmission and significant biological 

differences have been seen between strains of the  
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same serotype. It is a debilitating condition with 

high fever and break-bone pain. Infection can result 

in Dengue fever (DF), Dengue Hemorrhagic Fever 

(DHF) status, or dengue Shock Syndrome (DSS). 

Infection with any of the serotypes produces only 

partial immunity to other serotypes 
1
.  

The World Health Organization (WHO) renders 

dengue as a major public health challenge globally, 

particularly in tropical and sub-tropical nations. 

Dengue has grown several folds worldwide, aided 

by the increased population growth rate, unplanned 

urbanization, global warming, frequent air travel, 

inefficient mosquito control, and lack of health care 
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facilities. The incidence of dengue has grown in the 

recent decade globally. An eightfold rise has been 

observed in the number of cases reported to WHO 

over the last two decades, from 505,430 cases in 

the year 2000, to over 2.4 million in the year 2010 

and 5.2 million in the year 2019 
2
. According to 

National Vector Borne Disease Control 

Programme, in 2020 (till September 30), the total 

cases of dengue detected were 16439 out of which 

12 died, and in Uttar Pradesh, a total of 212 cases 

of were detected, of which 1 died 
3
. High incidence, 

ranging between 21 and 50 per million, was 

reported for the states of Punjab, Gujarat, 

Karnataka, Kerala, Tamil Nadu, and Orissa 
4
. 

Several hypotheses have been proposed explaining 

the reasons for DHF.  

These include changes of viral virulence, genetic 

susceptibility, cytokine storm, variation of lipid 

profile, and immunological enhancement 
5
. 

Although the relationship between neutralizing 

antibodies and antigen-specific T cells and disease 

severity and clinical outcomes remains to be 

understood, high levels of neutralizing antibodies 

have been observed in convalescent individuals, 
6
 

which correlate with T cell responses, particularly 

those of CD4+ T cells 
7
. During disease 

progression, infected cells produce inflammatory 

cytokines such as TNF-α, IL-6, and IL-10 
8
. AS a 

result of this stimulation, endothelial cells increase 

the expression of adhesion molecules such as 

CD62E (E-Selectin), CD106 (VCAM-1), and 

CD62P (P-Selectin), which leads to local 

inflammation, endothelial damage, and plasma 

leakage 
9
.  

An increase or decrease in the levels of these 

immune-modulators influence the outcome of viral 

infections 
10

. Vitamin-D, an immunomodulator 

with the potential to affect both innate as well as 

adaptive immune responses, binds to its receptor 

(VDR), translocates to the nucleus, and influences 

gene expression. Vitamin-D concentration is 

directly proportional to increased expression of Fcγ 

receptors leading to higher viral load, uncontrolled 

inflammatory responses, and subsequent 

development of DHF in DENV infected cases with 

secondary infection. The presence of Vitamin-D 

during macrophage proliferation restricts DENV 

infection and alters the pro-inflammatory cytokine 

response by reducing the expression of the C-type 

lectin mannose receptor, a DENV receptor protein 
11

. Vitamin D modulates the immune responses to 

several pathogens, including DENV 
12, 15

. 

Epidemiological studies have shown that Vitamin 

D decreases the risk of DHF and may have a role in 

the management of dengue fever 
16

. Elucidating the 

role of Vitamin-D on severe dengue disease would 

constitute a critical step in determining the 

therapeutic potential of this nutrient in patients 

diagnosed with DF, DHF, and DSS 
17, 18

. One of the 

major mechanisms of activation of the lectin 

pathway of complement is initiated by binding of 

the virus to Mannose Binding Lectin (MBL) 
19

. 

MBL is a pattern recognition molecule that 

concedes particular sugar molecules present on the 

surface of microorganisms, including DENV.  

The binding of E and NS-1 proteins with MBL can 

activate the complement system resulting in lysis of 

DENV 
20, 21

. An association of low MBL with an 

increased risk of dengue severity has also been 

established 
22

. Altered plasma concentrations of 

Vitamin-D and MBL are associated with the 

pathogenesis of DENV 
18

. Since MBL and 

Vitamin-D affect the innate as well as adaptive 

immunity and the pathogenesis of DENV infection 

is immune-mediated, we tested the altered levels of 

serum Vitamin-D and MBL suspecting their 

association with dengue disease severity. 

Therefore, the levels of serum Vitamin-D and MBL 

in dengue-infected patients were investigated in the 

context of disease severity. This study was aimed at 

determining the serum levels of Vitamin-D and 

MBL in dengue patients and to find out their 

association with severity (DF/DHF status). 

MATERIALS AND METHODS: This was a 

hospital-based cross-sectional study conducted at 

the Viral Research and Diagnostic Laboratory 

(VRDL), Department of Microbiology, Uttar 

Pradesh University of Medical Sciences (UPUMS), 

Saifai, Etawah, Uttar Pradesh between November 

2018 and June 2020. The study was approved by 

the Institutional Ethics Committee (Clearance 

Code: 146/2018). The patients with clinical 

suspicion of DF or DHF consulting in any of the 

Outpatient or Inpatient Department (s) at the study 

site during the study period were screened for 

Dengue by the NS1 antigen ELISA and IgM 

ELISA. The cases positive for NS1 antigen, or IgM 

antibodies with IgM antibody capture (MAC) 
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ELISA, or both, were contacted and explained 

about the study. Prior informed consent was taken. 

Suspected cases that turned out negative for dengue 

on serology and those who withdrew consent 

during any stage of the study were excluded. Along 

with patient-specific data using preformed and 

pretested questionnaire, blood samples (3-4 ml) 

were collected under aseptic precautions from the 

participants. The samples (serum or plasma) were 

separated by centrifugation for immediate 

serological analysis, and the remaining samples 

were stored at -20 °C till further processing. NS1 

antigen ELISA was performed by Merilisa
TM

 

(manufactured by Meril Diagnostics Pvt Ltd, 

Gujarat) Dengue NS1 kit as per the manufacturer’s 

protocol. Dengue virus IgM MICROLISA 

(manufactured by J. Mitra and Co. Pvt. Ltd. Okhla, 

New Delhi) kit was used for IgM antibody 

detection as per the manufacturer’s instructions. 

EDITM Total 25-OH Vitamin-D quantitative 

ELISA Kit (manufactured by Epitope Diagnostics 

Inc. San Diego, CA 92130 USA) was used for the 

detection of total 25-OH Vitamin-D levels. IBM 

SPSS Statistics Version 20 was used for data 

analysis. 

RESULTS: In this study, we enrolled 80 cases out 

of which 46 (57.5%) were males, and 34 (42.5%) 

were females. The male-to-female ratio was 1.35:1. 

Among the enrolled cases, the most commonly 

affected age group was 11-20 years (31.3%), 

followed by 21-30 years (26.2%) and 31-40 years 

(15%) age groups as seen in Table 1. Males were 

predominant in all age groups except for 41-50 and 

>60 years age groups, in which females were 

predominant. The mean age of study subjects was 

29.73 ± 15.11 years. Among 80 samples, NS1 

antigen ELISA alone was positive in 12 (15%) 

samples, IgM ELISA alone was positive in 20 

(25%) samples while NS1 and IgM ELISA both 

were positive in 48 (60%) samples as seen in Table 

2.  

TABLE 1: AGE AND GENDER-WISE DISTRIBUTION OF STUDY CASES 

Age group Males (n=46) Females (n=34) Total (n=80) 

Number Percentage Number Percentage Number Percentage 

0-10 years 5 10.9 3 8.8 8 10.0 

11-20 years 15 32.6 10 29.4 25 31.3 

21-30 years 13 28.3 8 23.5 21 26.2 

31-40 years 7 15.2 5 14.7 12 15.0 

41-50 years 2 4.3 3 8.8 5 6.2 

51-60 years 3 6.5 1 2.9 4 5.0 

>60 years 1 2.2 4 11.8 5 6.3 

 

TABLE 2: DIAGNOSIS OF DENGUE INFECTION IN 

STUDY CASES (N=80) 

Diagnosis of Dengue infection Number Percentage 

Dengue NS1 Only 12 15.0 

Dengue IgM ELISA positive 

only 

20 25.0 

Both NS1+ IgM ELISA positive 48 60.0 

According to the WHO 
2
, out of 80 dengue 

confirmed cases, 64 (80%) and 16 (20%) cases 

were classified as DF and DHF, respectively. In the 

DF group, 36 (56.2%) cases were males, while 28 

(43.8%) were females. In the DHF group, 10 

(62.5%) cases were males, and 6 (37.5%) cases 

were females.  In our study, fever was present in all 

cases of DF as well as DHF groups; headache in 39 

(60.9%) cases of  DF group and 10 (62.5%) of 

DHF group; chills in 32 (50%) and 9 (56.2%) 

cases; abdominal pain in 29 (45.3%) and 7 (43.8%) 

cases; retro-orbital pain in 27 (42.2%) and 4 (25%) 

cases; and body-ache was more frequent in DHF 

group (50%) as compared to DF group (35.9%), as 

seen in Table 3. Other major features were 

vomiting, rashes, and pruritus in declining order. 

However, hepatomegaly, diarrhea, and dyspnoea 

were rare findings. Purpura and mucosal bleeding 

with the distribution of 81.2% and 87.5%, 

respectively (p<0.001), were associated with DHF 

cases, exclusively. Value < 20 ng / ml was taken as 

the cut-off level for Vitamin-D deficiency and > 80 

ng/ml for hypervitaminosis D 
23

.  

The cut-off level of MBL deficiency was taken at < 

500 ng/ml 
18

. The association of levels of Vitamin-

D, MBL, and platelet count in the DF and DHF 

groups has been demonstrated in Table 4, revealing 

a significant association of Vitamin-D (p=0.01) and 

platelet count (p<0.001) with the severity of the 

disease. However, No association was found in the 

case of MBL levels with the disease severity. 
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TABLE 3: CLINICAL SIGNS AND SYMPTOMS IN STUDY SUBJECTS 

Clinical symptoms DF Group (n=64) DHF Group (n=16) p value 

No. % No. % 

Fever 64 100.0 16 100.0 - 

Chills 32 50.0 9 56.2 0.65 

Headache 39 60.9 10 62.5 0.91 

Retro-orbital pain 27 42.2 4 25.0 0.26 

Abdominal pain 29 45.3 7 43.8 0.91 

Body-ache 23 35.9 8 50.0 0.30 

Joint pain 7 10.9 0 0.0 0.33 

Vomiting 22 34.4 4 25.0 0.56 

Ascites 2 3.1 0 0.0 1.0 

Pruritus 11 17.2 1 6.2 0.44 

Rashes 16 25.0 3 18.8 0.75 

Dyspnoea 3 4.7 0 0.0 1.0 

Hepatomegaly 6 9.4 0 0.0 0.34 

diarrhea 4 6.2 0 0.0 0.58 

Purpura 0 0.0 13 81.2 <0.001 

Mucosal bleeding 0 0.0 14 87.5 <0.001 

 

TABLE 4: ASSOCIATION OF LEVELS OF VITAMIN-

D AND MBL WITH SEVERITY OF DENGUE CASES 

Median 

(IQR) level 

DF Group 

(n=64) 

DHF Group 

(n=16) 

p 

value 

Vitamin-D 

(ng/ml) 

30.5 

(22.25-43.5) 

49.5 

(33.25-60) 

0.01 

MBL 

(ng/ml) 

107 

(93.25-126.5) 

122.5 

(100.75-130.75) 

0.10 

Platelet 

count (/µL) 

38000 

(28,500-71,750) 

14,000 

(11,250-18000) 

<0.001 

 

Platelet Count In DF and DHF Groups: Platelet 

counts of all study cases were according to their 

severity status i.e., DF and DHF and DHF (mean = 

14,000) patients were found to be more 

thrombocytopenic than DF (mean = 38,000) 

patients as illustrated in Table 5. 

Association of Vitamin-D Levels With Dengue 

Severity: In the DF group, 10 (15.6%) cases had a 

deficit of Vitamin-D, while 54 (84.4%) cases had a 

normal level of Vitamin-D and no case was found 

to have high levels of Vitamin-D. In the DHF 

group, 1 case (6.2%) was a deficit of Vitamin-D 

while 9 (56.2%) cases had normal levels and 6 

(37.5%) cases had high levels of Vitamin-D. This 

indicates that higher levels of Vitamin-D are 

significantly associated DHF (p<0.05) Table 5. 

TABLE 5: ASSOCIATION OF VITAMIN-D LEVELS WITH SEVERITY OF DENGUE CASES 

Vitamin-D level (ng/ml) DF Group (n=64) DHF Group (n=16) p value 

Number Percentage Number Percentage 

Low 10 15.6 1 6.3  

 

<0.05 

Normal 54 84.4 9 56.2 

High 0 0.0 6 37.5 

 

Association of MBL Levels With Dengue 

Severity: In the DF group, 61 (95.3%) cases were 

deficit of MBL levels, and only 3 (4.7%) cases had 

normal MBL levels. On the other hand, all 16 

(100%) cases in the DHF group were found to be a 

deficit of MBL. Thus, MBL is not associated with 

DHF cases Table 6. 

TABLE 6: ASSOCIATION OF MBL LEVEL WITH SEVERITY OF DISEASE 

MBL (ng/ml) DF Group (n=64) DHF Group (n=16) p value 

Number Percentage Number Percentage 

Low 61 95.3 16 100.0 >0.05 

Normal 3 4.7 0 0.0 
 

DISCUSSION: 80 seropositive cases of dengue 

were included in the study. Among these cases, 46 

(57.5%) were male, and 34 (42.5%) were female. 

The male dominancy could be related to the rural 

location of the study site. Determination of 

differences in infection rates across all genders is 

important for the correct implementation of public 

health programs. Studies by Murhekar M et al., 
24
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and Damodar T et al, 
25

 also reported higher male 

incidence. Kumar M et al., 
26

 in their study on the 

prevalence of dengue fever in western Uttar 

Pradesh, found that among infected dengue cases,  

the proportion of males was higher than females 

with the ratio of (M:F) being 1.54:1. Similar results 

were found in our study subjects. This could be 

attributed to gender-related differences in health-

seeking behavior. Awareness generation in general 

and specific interventions targeting those with 

lower education status can further improve the 

health-seeking behavior and reduce complications 

of dengue 
27

. 

As the role of gender and exposure changes 

overtime during the human lifespan, it becomes 

important to examine dengue cases according to 

gender as well as age. The study by Murhekar M et 

al, 
24

 reported the highest distribution in the age 

group of 10-19 years (31.8%), followed by 20-29 

years (31.2%). However, in our study, we found the 

age group of 11-20 years (31.3%) to be most 

affected, followed by the age group of 21-30 years 

(26.2%). Our results were similar to the former 

study. 

Jayarajah et al., 
28 

reported fever in all their cases, 

with symptoms, such as headache 55%, body aches 

52.5%, vomiting 43.1%, abdominal pain 21.6%, 

nausea 21.3%, and diarrhea 15.4%. In our study, 

fever was the most common presenting clinical 

feature (100%), followed by headache (60.9%), 

chills (50%) and abdominal pain (45.3%). Retro 

orbital pain is considered an important symptom in 

the diagnosis of dengue. The study by Anish Laul 

et al.,
 29

 on clinical profiles of dengue infection 

during an Outbreak in Northern India reported that 

41% of dengue patients have retro-orbital pain. It 

was present in 42.2% of cases in our study and was 

reported in 56.27% of patients in the study by Lim 

JK et al 
30

. Myalgia/arthralgia was found in 36% 

cases, while nausea-vomiting in 34.4% of our study 

but was about 74.92% and 71.5% in the other two 

studies 
30, 31

, respectively. Patients with dengue 

syndrome showed varied presentations. It seems 

that the trend of clinical presentation is changing 

each year in dengue patients. Teoh BT et al., 
32

 in 

their study, found that only ELISA NS1 antigen 

was positive in 61.7% patients, while ELISA IgM 

was positive in 73% cases. Another study 
33 

showed 

that NS1 antigen positive rates were 88%-96% on 

days 1-5, 75%-100% on days 6-10, and 36-60% on 

≥ 11days. A study 
34

 stated positive detection rates 

of NS1 antigen ELISA, IgM ELISA, and both tests 

as 80.9%, 68.1% and 47.9%, respectively. Higher 

positivity by IgM ELISA in our study may be 

explained by variable timing of sample collection 

along the disease course.  

However, a fair number of patients were found 

positive by NS1 ELISA or IgM ELISA alone in our 

study, effective diagnosis of dengue requires 

testing by both. Panwala TH et al., reported higher 

positivity by IgM ELISA as compared to NS1 

ELISA and also concluded that NS1 ELISA, if 

used in combination with IgM ELISA on a single 

serum sample of suspected patients, can improve 

the diagnosis of acute dengue cases and even 

treatment and control of dengue viral infection
 35

. 

Our study compared the positivity of NS1 antigen 

and IgM Antibody by ELISA and found that 

positivity was slightly lower by NS1 ELISA (75%) 

than by IgM ELISA (85%). On the other hand, 

60% of samples were positive for both NS1 and 

IgM ELISA. It is a contrasting finding as most 

studies have reported higher positivity by NS1 

ELISA. 

According to WHO criteria 
36

, out of a total of 80 

cases, 60 (80%) and 16 (20%) cases were classified 

as DF and DHF, respectively. The determination of 

the outcome of DENV infection is based on several 

factors, including virulence, virus, host genetics, 

and host immune responses. Among the various 

components of host immune responses, T cells, 

antibodies, cytokine storm, and complement factors 

contribute to the pathogenesis of dengue, while 

various immunomodulators influence their 

activation 
37

. An increase or decrease in the levels 

of these immunomodulators can influence the 

outcome of viral infections 
5
. In this study, 87.4% 

of dengue cases had normal to high levels of 

Vitamin-D (normal range 20-80 ng/mL). Also, 

Vitamin-D level was significantly higher in the 

DHF group than that of the DF group (p<0.05). The 

increased concentration of Vitamin-D might 

enhance viral entry in dengue virus-infected cases 
10

. Our findings were supported by various studies 

in different parts of the world. Alagarasu K et al., 
18

 

suggested that higher concentrations of Vitamin-D 

might be associated with symptomatic disease and 

assessed that this association was more evident in 
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secondary DHF cases. Villamor E et al., showed 

that low serum concentrations of 25-

hydroxyVitamin-D in DF patients predicted 

decreased oddsof progression to DHF/DSS 
38

. 

Several protein levels get altered in patients with 

severe DF.  

One of the proteins that show a significant increase 

in DF is Vitamin-D binding protein (DBP). 

Because DBP is the major plasma carrier of 

Vitamin-D, its increase is invariably associated 

with higher levels of vitamin-D 
38

. Infection with 

DENV results in activation of various components 

of the innate immune system. One of them is the 

lectin pathway of the complement system. MBL 

belongs to a class of molecules called Pattern 

Recognition Receptor (PRR) proteins that can 

recognize E protein and NS-1 protein of DENV 
39

. 

MBL levels were estimated, and deficiency was 

found in 96.3% dengue cases (cut-off level for 

MBL deficiency was assumed to be < 500 ng/mL 

according to international standards 
18

. Comparison 

of MBL levels in DF and DHF cases revealed that 

MBL level was lower in the DHF group (100%) 

than that of the DF group (95.3%).  

Similar findings were reported by Alagarasu et al., 
18

, who noticed the association of MBL deficiency 

with DF and DHF, and this association might be 

related to the reduced activation of the MBL 

pathway of the complement system, leading to 

higher viral load in dengue cases with primary 

dengue infection. Figueiredo GG et al., 
40

 

supported the hypothesis that patients carrying the 

genotypes or haplotypes of low production of MBL 

would be more susceptible to DF/ DHF. Shresta S 

et al., 
41

 noticed that a depressed level of MBL 

protein may be an independent risk factor for 

morbidity and mortality associated with DENV 

infection. A higher MBL concentration might also 

lead to increased inflammation by enhanced 

production of pro-inflammatory cytokines. 

Increased concentration of factor-D and decreased 

concentration of factor-H have been reported in 

DHF cases, suggesting that imbalance in the 

regulation of factors H and D of the alternative 

pathway of complement activation is associated 

with DHF 
42

. Elucidating the role of serum 

Vitamin-D and MBL levels on the severity of 

dengue disease can be a critical first step to 

interrogate the potential of these tests to identify 

dengue patients who can progress to severe disease 

(DF/DSS) and require hospitalization and critical 

care. 

CONCLUSION: In this study, we found that the 

ratio of male: female was 1.35: 1 in dengue cases. 

Younger age groups (11-20 yrs) were relatively 

more affected. Clinically, fever, headache, chills, 

retro-orbital pain, abdominal pain, and arthralgia/ 

myalgia were common symptoms. Purpura (81.2%) 

and mucosal bleeding (87.5%) were associated 

with DHF cases exclusively (100% association 

with DHF, p<0.001). Thrombocytopenia was 

significantly notable in DHF patients as compared 

to DF patients. Both NS1 and IgM ELISA are 

needed to diagnose dengue cases effectively.  

The ratio of DF: DHF was 4:1. High Vitamin-D 

levels are significantly associated with DHF, which 

may be related to the inducing effect of Vitamin-D 

on Fcγ receptor expression, leading to higher viral 

load in dengue cases and hence the development of 

DHF. This study also suggests that low levels of 

MBL are associated with dengue infection (both 

DF and DHF). Low levels of MBL had a higher 

association with DHF cases than DF, though 

statistically insignificant. The association of low 

levels of MBL with DF and DHF might be related 

to the reduced activation of the MBL pathway of 

complement, leading to a higher viral load in 

dengue cases. 

Limitations: Smaller sample size and exclusion of 

IgG ELISA have restricted the potential of this 

study, more so, given the ongoing SARS CoV-2 

pandemic. By performing the IgG ELISA test, we 

could have differentiated between trends in primary 

and secondary dengue cases, additionally. 
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