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Abstract 

Dengue Fever is a major public health problem leading to serious morbidity 

and mortality worldwide. There are severe clinical conditions associated with 

Dengue Fever which may further lead to Dengue Haemorrhagic Fever or Dengue 

Shock syndrome. The  hypothesis of occurrence of Antibody Dependant 

Enhancement (ADE) is currently believed to be the immunological basis of 

DHF/DSS. However, some of the earlier studies and our current work, have shown 

that ADE might not be the sole cause of severe dengue. To establish its exact cause, 

so that therapeutic interventions can be made and recovery of patients be ensured, 

the present study was done. The blood samples were collected from dengue positive 

patients reporting to Sharda Hospital, India. A thin smear was prepared from 5µl of 

blood and stained using Leishman stain to count various immune cells. The serum 

was separated and subjected to RT-PCR to double ensure the presence of virus using 

Dengue specific primers. 100µl of serum was also taken for detecting Histamine 

levels using ELISA assay. Blood samples of severe dengue cases was also 

outsourced for electron microscopy to critically study the effect of virus on the 

various  immune cells. We observed that the major innate immune cells showed no 

immunogenic sensitization by the dengue virus but were permissive for infection 

and led to formation of neutrophil traps. Lymphocytes as gross adaptive immune 

cells showed elevation but without generating pathogen specific IgM antibodies. 

Granulocytes such as basophils have shown substantial enhancement pointing the 

symptoms more as allergic reactions rather than infectious outcomes. The serum 

histamine level was raised in all the severe patients of dengue. Present paper sensitizes 

the issue that DHF cases showing subcutaneous haemorrhages could be histamine 

induced allergy and stage of DSS could be a systemic anaphylaxis due 

hypersensitivity type 1 reactions. Paper sensitizes further studies in this direction 

through which use of anti-allergic, anti-histamine drugs could emerge as specific 

therapeutic intervention of DHF/DSS. 

 

Keywords: Dengue haemorrhagic fever; Lymphocytes; Neutrophils; Electron 

microscopy; allergy; histamin
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1. Introduction 1 

Severe form of Dengue Fever (DF), Dengue Haemorrhagic Fever 2 

(DHF)/Dengue Shock Syndrome (DSS) is a major clinical challenge which 3 

necessitates immediate and effective clinical attention [1].  Deteriorating 4 

conditions of plasma leakage, shock syndrome and platelet retardation among 5 

patients pose threat of mortality [2]. It has been observed that in event of infection 6 

by multiple DENV serotypes, patients generate poor immune response, and 7 

uncontrolled viral replication leads to the stage what is called as DHF/DSS. 8 

Earlier studies have explained that DHF/DSS is clinical stage resulting from the 9 

Antibody Dependant Enhancement of Infection (ADE), wherein antibodies formed 10 

against one strain form infective immune complex with subsequent strain appearing 11 

in the same patient with an interval of time [3]. Our earlier studies have shown that 12 

infected mosquitoes contain multiple DENV types and that such mosquito bites 13 

could cause DHF/DSS even in first infection [4]. Based on the in-vitro 14 

experimentation, it has been reported by earlier studies that DENV infects a wide 15 

range of cells such as monocytes, dendritic cells, neutrophils, lymphocytes etc 16 

[5-6]. However, in-vitro infection of blood cells as referred above have their own 17 

limitations in explaining immunological basis of DHF/DSS. For understanding 18 

exact cause of poor immunogenic protection among severe cases of Dengue and to 19 

suggest effective immunotherapeutic or supplementation solution, we need to study 20 

the numeric strength of innate and adaptive immune cells, their structural 21 

alterations and corresponding cytokines and antibody presence among patients. 22 

Realizing that although non- specific yet initial innate immune response offered by 23 

phagocytic macrophages and granulocytes and formation of Antigen presenting 24 

cells is an essential pre-requisite for activation of subsequent adaptive immune 25 

response by B and T lymphocytes, the number and ultrastructure studies of blood 26 

phagocytic cells, granulocytes and lymphocytes have been made to explain why 27 

virus neutralization among DHF patients is insufficient and what could be the 28 

appropriate clinical intervention. Present paper reports the initial observations 29 

on number and structural studies of innate immune cells and lymphocytes to sensitize 30 

studies of innate immune cells and lymphocytes to sensitize the issue whether 31 

DHF/DSS is an allergic response of body than antibody dependent enhancement of 32 

infection as reported by earlier studies [3] . 33 

2. Materials and Methods 34 

2.1. Collection of blood samples from DENV infected patients 35 

 The patients admitted to IPD, General ward and ICU, Sharda Hospital, 36 

India with dengue like illness were taken for the study. They were confirmed 37 

positive based on the test results of NS1 antigen, IgM and IgG antibodies. After 38 

taking the informed consent, 1-2 ml of blood sample was taken in EDTA coated 39 

vacutainer tubes and also in another vacutainer tube without EDTA coating. Few 40 

samples were also collected from healthy individuals for using them as 41 

“control”. The samples were brought to the BSL-2 laboratory, Centre of Excellence 42 

in Virology and Immunology, Sharda University for further experimentation. 43 

 44 
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2.2. Hematological studies on Dengue patients  45 

Of the two tubes in which the blood samples were collected, the first tube 46 

(Whole blood in EDTA coated tubes) was used for smear preparation. Thin blood 47 

smear was stained in Leishman stain and then studied under a Phase contrast cum 48 

Fluorescence microscope (m/s Zeiss, Germany).  49 

2.3. RT-PCR confirmation for DENV presence 50 

Serum was separated from the blood (2nd tube, non-coated vacutainer tube). 51 

140µl of the serum was subjected for RNA extraction using the viral RNA kit (m/s 52 

Qiagen, CA) following the manufacturer’s protocol while the rest was used for 53 

Electron Microscopy and other studies. The eluted RNA (60µl) was then stored at 54 

-20˚C. RT- PCR assay was performed using DENV type specific primers for 55 

DENV-1, 2, 3 and 4 (commercially synthesized from Eurofins, Bangalore) while 56 

the master mix kit used was AgPath One step RT-PCR kit (m/s Thermo Scientific, 57 

USA) following the manufacturer’s protocol. SYBR green (m/s dx/dt, Bangalore, 58 

India) was used for visualizing the amplification curves. The graphs showing ct value 59 

between 14 to 40 were considered to be positive. 60 

2.4. Serum Histamine level measurement  61 

100µl of serum of each patient was also taken for detecting the presence of 62 

Histamine. The samples were subjected to ELISA assay employing the 63 

manufacturers protocol (m/s Elab sciences, USA) 64 

2.4. Ultrastructure studies of infected blood cells of patient of Dengue 65 

Haemorrhagic Fever using Electron Microscopy (TEM and SEM) 66 

The remaining serum (as mentioned in above section) was taken for Electron 67 

Microscopy study. 10 ml of lysis buffer was added to the serum tube and then 68 

incubated for 10 min at 37°C. Equal volume of 1X PBS (11ml) was added and then 69 

centrifuged at 1500 rpm for 10 minutes at room temperature. The supernatant was 70 

discarded and step repeated by adding PBS until pellet was clearly visible. The 71 

supernatant was discarded and 500µl of fixative was added. This was then kept at 72 

4° C overnight and sent to EM facility at All India Institute of Medical Science, 73 

New Delhi (India) for further processing and visualization. Two different samples 74 

of dengue patient were processed for both Scanning Electron microscopy (SEM) and 75 

Transmission Electron microscopy (TEM). 76 

2.5. WHO definition of severe dengue 77 

Patients with severe abdominal pain, persistent vomiting, bleeding in the 78 

gums, or more. Blood in vomit or stool. The patients with fever but showing no NS1 79 

antigen or IgM or IgG antibody were considered as ‘Control’.  80 

2.6. Statistical analysis 81 

Mean, Standard deviation and Chi square test were applied to the observations 82 

pertaining to various parameters.   83 

2.7. Ethical approval  84 

This study has been approved by the Institutional Ethics Committee, Sharda 85 

University, U.P., India (Ref. No. SU/SMS&R/76-A/2024/69). 86 

3. Results 87 

3.1. Haematological studies on RT-PCR positive Dengue patients 88 
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3.1.1. Total Leucocyte Count (TLC) 89 

The blood cells count in terms of Total Leucocyte Count (TLC) was studied 90 

in 40 RT-PCR positive dengue patients. 92.5% (37 in number) patients showed 91 

normal or sub normal count and only 7.5% (3 in number) cases showing elevated 92 

TLC (Table 1). Both the categories of patients viz; with single DENV as well as 93 

multiple DENV infections showed almost similar count of TLC (Table 2-3). The 94 

mean observed was 0.256 while the standard deviation was calculated to be 0.260. Five 95 

patients were studied as control in which the levels were found to be normal. 96 

3.1.2. Innate Immune Cells count 97 

We observed the count of Neutrophils and Basophils as indicators of 98 

sensitization of innate immune cells as could be induced by dengue virus infection. 99 

77.5% (31) of patients had normal or less neutrophils count whereas Basophils count 100 

was elevated in 77.5% (31) of patients (Table 1). Similar trend of normal count of 101 

Neutrophils and elevated Basophils was observed among patients with single and 102 

multiple DENV infections (Table 2-3).   103 

Chi-square analysis demonstrated a strong association between elevated 104 

basophils and presence viral infection in dengue patients (p< 0.001246). Detectable 105 

basophils were more frequent in positive cases (72%), when compared with controls 106 

(0%). 107 

3.1.3. Sensitization status of Adaptive Immune system 108 

Among 40 patients of dengue positive cases (RT-PCR confirmed), 109 

Lymphocyte count was high in 31 (77.5%) cases, DENV non-structural protein 110 

NS1 was positive in 87.1% (34) cases, but IgM antibody was observed only in 4 111 

(10.2%) cases (Table 1). However, among patients positive for single DENV strain, 112 

lymphocyte count was more elevated (73.9% cases) as compared to patients with 113 

multiple DENV infections showing elevated lymphocytes in only 58.8% cases. 114 

IgM positive cases were also more (13.6%) among single DENV patients than 115 

patients with multiple DENV strains (5.8%). NS1 viral protein was positive in 116 

maximum cases (94.1%) with multiple DENV infection as compared to those with 117 

single DENV infection (81.8%) (Table 2-3). 118 

3.1.4. Serum histamine level in patients of severe dengue  119 

It was observed that serum histamine level was elevated in all the severe 120 

patients of dengue. The high serum level (>0.3 to 1.0mg/ml) of histamine was 121 

observed in all the dengue cases with symptoms of severity.  122 

3.2. Observation of infected blood cells under high magnification 123 

The blood smear prepared for both the patients showed appearance of blood 124 

cells as shown in Figures 1 and 2. There was reduced total leukocyte count, 125 

indicating a significant decrease in immune cell populations. These observations 126 

here suggest  a suppressed or compromised immune response.  127 

3.2.1. Ultrastructure studies of infected blood cells (Neutrophils and 128 

lymphocytes) in patient of Dengue Haemorrhagic Fever: Transmission Electron 129 

Microscopy 130 

 The Transmission Electron Microscopy (TEM) images showed interesting 131 

results. The Dengue virions were seen in large numbers as shown in Figure 3. The 132 
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Neutrophils were seen to be approached by DENV at one place (Figure 4) while 133 

another neutrophil was observed to undergo NET (Neutrophil Extracellular trap) 134 

mechanism (Figure 5). 135 

In Figure 5, the formation of NET (the area yellow dotted lines) and 136 

disappearance of nucleus and nuclear membrane breakdown is clearly visible. The 137 

number of granulocytes present in the Figure 4 and in Figure 5 can be seen to be 138 

diminished and less in number. The mitochondria can be seen to lose their internal 139 

content (lamellae) and were swelled up. Endoplasmic reticulum (ER) was also 140 

becoming diminished. It was also observed that DENV particles breaking the 141 

vesicles present within the neutrophils and all the granule molecules were seen 142 

coming out in the cell matrix (Figure 6, orange arrow). The empty vesicles are 143 

moving towards the extracellular space. 144 

Lymphocyte was also seen to be infected by the DENV (Figure 7). It was 145 

seen that few viral particles were approaching towards the lymphocyte cell (orange 146 

arrow), while few were already inside the cell (orange arrow inside the cell). The 147 

nucleus of the lymphocyte seemed to be reduced in size. There were hardly traces 148 

of presence of proper mitochondria, ER, Golgi bodies. Vesicles (V) were seen 149 

inside the cell. The count of vacuoles indicate that the cell might enter into 150 

apoptosis stage. Even there was loss of microvilli at the external surface. Few 151 

were seen on the left side of the lymphocyte while on the rest area, microvilli 152 

(MV) seemed to be diminished. Figure 8 is the closer view of the figure 7 at 200nm 153 

scale. 154 

The Figures 7 and 8 when scanned towards the right side under TEM 155 

observed appearance of a neutrophil nearby. There was complete NET formation 156 

which led to disappearing of the neutrophil (Figure 9). It also appeared that the 157 

neutrophil was reaching out towards the infected lymphocyte. Dengue particles can 158 

be seen in orange arrows while movement of immune cell making a bridge in 159 

immune response can be seen by the blue arrows. Interestingly at one place, a 160 

macrophage was seen to be approaching towards a DENV virion particle (Figure 161 

10).  The cellular components of macrophage i.e. Endoplasmic Reticulum, 162 

Mitochondria, Nucleus etc appeared intact. 163 

3.2.2. Ultrastructure studies of infected blood cells (Neutrophils and 164 

lymphocytes) in patient of Dengue Haemorrhagic Fever: Scanning Electron 165 

Microscopy 166 

The blood cells of the DENV infected patient observed under Scanning 167 

Electron microscope also showed interesting results (Figure 11). Number of 168 

Phagocytic and lymphocytic cells was less in number than normal, which indicates 169 

poor immune response among DHF patients. Lymphocytes displayed a loss of 170 

microvilli from its surface and appeared to be smooth. The DENV particles (orange 171 

arrow) were seen entering the cell. (Figure 12). Neutrophil too displayed decrease 172 

in the number of microvilli from its surface. The DENV particles (orange arrow) 173 

were seen entering the cell (Figure 13). Another Neutrophil can be seen to lose its 174 

cellular components and undergo NETosis (programmed cell death) (Figure 14). 175 

4. Discussion 176 
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Present study represents a preliminary set of observations aimed to find 177 

out the exact immunological basis of severe stages of dengue i.e, DHF/DSS for 178 

advancing towards finding an appropriate clinical intervention for sure and speedy 179 

recovery of patients. Our study of 40 RT-PCR confirmed cases including simple as 180 

well as severe cases of dengue, showed no innate as well as adaptive 181 

immunogenicity induced by the virus. It was interesting to observe that whether 182 

infected by single DENV infection or by multiple strains, in majority of cases, 183 

there was no elevation of the Total Leucocyte Count. Consequently, the 184 

differential percentage of cellular fractions of neutrophils was also lower than 185 

required indicating hardly any proliferation of neutrophils to be responsive against 186 

skin inoculated virus by mosquitoes. The observations on immune cell count were 187 

just similar to healthy controls. While we observed increase in the percentage of 188 

lymphocyte count, surprisingly the corresponding presence of IgM antibodies was 189 

only in 10% of infected individuals and still less among patients infected of 190 

multiple DENV strains, thereby suggesting no adaptive immune response through 191 

epitope recognition by B cells and generating specific IgM antibodies. However, this 192 

was besides the fact that viral nonstructural protein, NS1 was recovered in majority 193 

of patients. An  important  point  that  NS1 may show pathogenic presence but 194 

being a non-structural protein, it did not sensitize B cell receptors. This important 195 

observation led hypothesis need to be combined through more immunological 196 

experiments. However, as against results of experimental antigenicity reported 197 

during earlier s tudies  [5-6] during the  course of our investigations, 198 

represen t ing  in-vitro s tudies ,  IgM antibodies among NS1 positive patients 199 

were not observed. 200 

Among cases of dengue infection in the host blood, an extensive cascade of 201 

viral-host immune molecules is expected to be started. However, as reported by 202 

earlier studies there could be immune cell dysregulation also due to viral infection 203 

[8]. Owing to foreignness of structural as well non-structural viral proteins, both the 204 

innate and adaptive response is expected to be triggered and leucocytes need to be 205 

responsive against infection [9, 6, 10,11,15]. Our Electron Microscopic study of 206 

neutrophils and lymphocytes, showed infection of both of these cells by virus, but 207 

neutrophils with the microscopic evidence of having phagocytized virus particles 208 

underwent NETosis. On the other hand, infected lymphocytes showed loss of 209 

microvilli on its surface. Silveira and co- workers have reported similar 210 

observations reporting that both the T lymphocytes serve as infected cellular 211 

reservoir of infection rather than causing cytotoxicity to eliminate infected cells. 212 

Very few studies have seen the role of Lymphocytes in DENV multiplication and 213 

transmission [5]. In our study, there was clear-cut evidence of neutrophil-214 

lymphocyte interaction which has not been studied till date. 215 

It was observed that there was destruction of cellular organelles in the 216 

neutrophils. The mitochondria were seen to lose its cristae, the reticulum part of the 217 

ER had also lost its identity, and nucleus was getting diminished. These results 218 

indicate that, it is not only that the ER machinery needed by the virus is getting 219 

damaged, but even mitochondria as the store house of energy are getting depleted. 220 
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This can be related by the fact that there is requirement of ATP by the virus during 221 

its replication, in the form of energy, as well as in the form of nucleotide triphosphate 222 

(NTP). Hence this leads to a condition of oxidative stress and hypoxia to the blood 223 

cell and thus the cell becomes incapable of performing its own function [12-14]. 224 

The observed mitochondrial damage and ER stress are likely to contribute to 225 

reduced cellular metabolism and protein synthesis [15]. Earlier studies have also 226 

reported that Phagocytic cells demonstrate hyper activation characterized by 227 

lysosomal activation leading to over production of pro inflammatory cytokines as 228 

observed in DHF [16]. 229 

Pang and co-workers have apprehended that earlier postulation of 1970s by 230 

Halstead, emphasizing antibody dependent enhancement as immunological basis of 231 

DHF/DSS, need to be revised [17-18]. Tun and co-workers have also reported that 232 

even primary cases of dengue had attained the clinical stages of DHF/DSS, 233 

therefore a mechanism other than antibody dependent enhancement of infection as 234 

reported earlier, need to be studied [19].  235 

Our earlier studies have reported that mosquito harboring multiple dengue 236 

infections could cause severe dengue even during primary infection [4]. In present 237 

paper we report that innate and adaptive immune cells of patients are getting 238 

infected by dengue virus but there is no proliferation of these cells as no numeric 239 

elevation of cells was observed. Contrary to this, granulocytes such as basophils were 240 

elevated in majority of patients. Based on the observations of elevations of basophils 241 

and other set of evidences of poor immunogenic sensitization by dengue infection 242 

pertaining to poor elevation of leucocytes, n eu t rop h i l  damage and  IgM 243 

antibodies present in very few cases, Antibody dependent enhancement of 244 

infection due to multiple dengue virus infecting with time gap, as proposed by 245 

Halstead m i g h t  n o t  appear relevant. Rather enhancement of basophils, points 246 

more towards the possibility of increasing permeability of blood vessels through 247 

secretion of histamine by skin located mast cells, the area where mosquito inoculates 248 

infectious saliva. However, limitations of our study are that this is preliminary, and 249 

just serve to sensitize further studies to prove the contention.  250 

5. Conclusions 251 

To conclude, in the present paper, based on few observations of non-252 

sensitization of immunological cascades by dengue virus, we hypothesize, subject to 253 

its proving through subsequent studies that whether the severe clinical stage of 254 

Dengue Haemorrhagic Fever (DHF) as caused due to increased permeability of 255 

blood vessels, therefore could be more an act of allergic reaction and not the ADE. 256 

Similarly, the serious stage of Dengue Shock Syndrome (DSS) could be a systemic 257 

anaphylaxis showing effects such as difficult breathing, drop in blood pressure, 258 

smooth muscle contraction, bronchiole constriction and suffocation, as the classical 259 

symptoms due to hypersensitivity type I reactions. If so, the paper may sensitize the 260 

clinical consideration of possible use of anti-allergic/anti histamine drugs as a 261 

specific therapeutic intervention to treat DHF/DSS.   262 
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ТАБЛИЦЫ 

 

Table 1.  Innate and Adaptive Immune cell count among Dengue patients and 

healthy controls 

Study 

subje

cts 

Total 

Leukocyte 

count 

Total 

Neutrop

hil count 

Total 

Basoph

il count 

Total 

Lymphoc

yte count 

Platelet 

count 

Ig

M 
IgG NS1 

N E N E N E N E N R    

DEN

V 

+ve 

patie

nts 

(N=4

0) 

37 

(92.5

%) 

3 

(7.5

%) 

31 

(77.

5%) 

9 

(22.

5%) 

9 

(2

2.5

%) 

31 

(7

7.5

%) 

9 

(22.

5%) 

31 

(77.

5%) 

11 

(27.5

%) 

29 

(72.5

%) 

4 

(10

.25

%) 

1 

(2.

56

%) 

34 

(87.

17

%) 

Heal

thy 

cont

rols 

(N=5

) 

5 

(100

%) 

0 

(0.0

%) 

5 

(100

%) 

0 

(0.0

%0 

- - 

4 

(80

%) 

1 

(20

%) 

- - - - - 

 

Notes: N=normal; E=Elevated; R-Reduced  
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Table 2.  Innate/ Adaptive immune cell counts among patients with single Dengue virus strain 

Study 

subje

cts 

Total 

Leukocyte 

count 

Total 

Neutrop

hil count 

Total 

Basoph

il count 

Total 

Lymphoc

yte count 

Platelet 

count 

Ig

M 
IgG NS1 

N E N E N E N E N R    

DEN

V 

+ve 

patie

nts 

(N=2

3) 

21 

(91.3

%) 

2 

(8.6

9%) 

17 

(73.

91%

) 

6 

(26.

08

%) 

4 

(1

7.3

%) 

19 

(8

2.6

%) 

2 

(8.6

%) 

21 

(91.

3%) 

6 

(26%) 

17 

(73.9

%) 

3 

(13

.6

%) 

1 

(4.

5

%) 

18 

(81.

8%

) 

 

Notes: N=normal; E=Elevated; R-Reduced  

 



Infectious allergy as possible cause of. DHF/DSS                                                      10.46235/1028-7221-17564-PIA 

Medical Immunology (Russia)                                                             ISSN 1563-0625 (Print)  

     ISSN 2313-741X (Online) 

Table 3.  Innate/ Adaptive Immune cell counts among patients with multiple Dengue virus strain 

Study 

subje

cts 

Total 

Leukocyte 

count 

Total 

Neutrop

hil count 

Total 

Basoph

il count 

Total 

Lymphoc

yte count 

Platelet 

count 

Ig

M 
IgG NS1 

N E N E N E N E N R    

DEN

V 

+ve 

patie

nts 

(N=1

7) 

16 

(94.1

%) 

1 

(5.8

%) 

14 

(82.

3%) 

3 

(17.

6%) 

5 

(2

9.4

%) 

12 

(7

0.5

%) 

7 

(41.

1%) 

10 

(58.

8%) 

5 

(29.4

%) 

12 

(70.5

%) 

1 

(5.

8%

) 

0 

(0

%) 

16 

(94.

1%

) 

 

Notes: N=normal; E=Elevated; R-Reduced  
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РИСУНКИ 

 

Figure 1. Blood Cells of the DENV infected patient as visualised under Phase 

contrast microscope (20X magnification)  

 
 

Figure 2. Blood Cells of the DENV infected patient as visualised under Phase 

contrast microscope (N: Neutrophil; M: Macrophage; L: Lymphocyte; NET: 

Neutrophil extracellular Trap) 
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Figure 3. Presence of DENV in blood of dengue infected patient as observed under 

TEM (100nm scale) 

 
Figure 4. The DENV approaching a neutrophil as indicated by orange arrow. (TEM 

image) 
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Figure 5. Invasion of neutrophil by DENV leading to formation of NET (TEM 

image) (ER: Endoplasmic reticulum; N: Nucleus; M: swollen Mitochondria; NET: 

Neutrophil Extracellular Trap) 
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Figure 6. Closer view of Neutrophil with DENV inside few vesicles can be seen 

(orange arrow). At other places, empty vesicles (V) can be seen moving towards the 

periphery. 

 
Figure 7. Lymphocyte infected by DENV (TEM image, 500nm scale). (V: vesicle; 

N: Nucleus; MV: microvilli; Orange arrow: presence of DENV) 
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Figure 8. Closer view of Lymphocyte infected by DENV (TEM image at 200nm 

scale) (ER: Endoplasmic Reticulum; N: Nucleus; NM: Nuclear Membrane; MV: 

Microvilli; V: Vesicles; M: Mitochondria) 

 
Figure 9. TEM image of Neutrophil and Lymphocyte infected by DENV and the 

further intracellular changes occurring inside each. 
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Figure 10. TEM image of Macrophage approaching a DENV particle 

 
Figure 11. Observation of DENV infected blood cells under Scanning Electron 

Microscope (SEM; 10000X magnification; 10µm scale) 

 
Figure 12. Lymphocyte infected by DENV particles (A). at 30000X magnification; 

3µm scale; (B) closer view of lymphocyte at 120,000 X magnification and 500nm 

scale 
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Figure 13. Neutrophil infected by DENV particles (A). at 60000X magnification; 

1µm scale; (B) closer view of lymphocyte at 100,000 X magnification and 1µm 

scale 
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Figure 14. Neutrophil undergoing programmed cell death (NETosis) (at 60000X 

magnification; 1µm scale) 
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