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Abstract. The mosquito species Ae. aegyptiand Ae. albopictusare two potential vectors of 

dengue fever. The salivary glands of these species contain substances that play a role in the 

transmission of pathogens. These include vasodilators and immunomodulatory compounds. 

Immunomodulatory components can modulate the host immune system by producing specific 

antibodies (IgG). This study aims to investigate the human immune response (IgG) against the 

salivary gland extract of Ae. aegyptiand Ae. albopictus. Samples were collected from 

individuals who were Dengue patients, as well as healthy individuals and neonates from the 

Jember endemic area. Results show that the levels of IgG response vary across the individual.  

Generally, Dengue patients and healthy people in the DHF-endemic area had higher levels of 

IgG. The highest immune response was found in DHF patients, followed by healthy persons, 

and finally the neonate samples, respectively.  

 
 

1. Introduction 

Dengue Hemorrhagic Fever (DHF) is a significant health problem in many tropical countries, and is 

endemic to more than 100 countries, particularly those of Southeast Asia and the Western Pacific [1]. 

The mortality rate of DHF infection is high, resulting in as many as 1.5 million deaths per year, and 

causes substantial economic losses as well [2;3]. DHF is caused by the dengue virus (DENV), of 

which there are 4 serotypes: DENV1, DENV2, DENV3, and DEN4 [4;5]. DENV is transmitted by 

several species of Aedes mosquitoes. In particular,Aedesaegypti is known to be a primary vector and 

Aedesalbopictus is a secondary vector [6;7]. Dengue virus is transmitted when a mosquito takes a 

blood meal from an infected person and then a second from another healthy person, thus transferring 

the virus to the second person [8;9]. Mosquitoes require bloodmeals from vertebrate hosts for adult 

nutrition and egg development [10]. 

The success of dengue virus transmission from mosquitoes to humans is caused by 

immunomodulatory factors and vasodilators in the salivary glands of mosquitoes [11,12]. The 

immunomodulatory molecules are immunogenic molecules that have immunosuppressive activity on 

immune response [11;13]. These factors can increase the transmission of pathogens into the host by 

modulating the host immune response [11]. In addition, immunomodulatory factors can also cause 

hosts to be more sensitive to vasodilators to facilitate blood feeding [14]. The vasodilator, such as anti-

hemostasis, is very important in the blood feeding process. The substance of anti-hemostasis is 
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inhibiting blood clotting. In addition, the substance of the vasodilator causes dilation of blood vessels 

through capillary vasodilation [11]. 

Salivary glands proteins from Aedes are known to cause modulation of the host immune response 

[13]. The modulation occurs due to a shift in the subset of Th1 to subset Th2, which induces B cells to 

produce specific antibodies (IgG). IgG levels are the gauge used to assess the human immune response 

to salivary Aedes exposure. Research has shown that the saliva of mosquitoes contains immunogenic 

components [14;15;16]. The saliva induces an IgG-producing response in individuals living in 

endemic areas and in travelers transiently exposed to vectors in tropical areas [16;17;18]. The 

development of a natural antibody response in people living in an endemic area (African) results from 

frequent exposure to mosquito saliva [19]. It has also been reported that IgG levels are significantly 

higher in persons living in sites with higher Ae. aegypti densities [20]. This indicates that vector bites 

have a positive effect on the host immune response. 

There is a protective mechanism in the host immune system which arises from repeated exposure to 

mosquito vector saliva [21]. Repeated exposure activates the adaptive immune system of the host by 

inducing B lymphocytes production of B cells, which then produce specific antibodies. During the 

blood-feeding process the host will produce IgG as a response to the saliva proteins of the Aedes 

mosquitos [20]. This research was conducted to analyze the human immune response (IgG) to salivary 

gland extracts of Aedes mosquitos in the DHF endemic area in Jember, East Java, Indonesia.  

 

 
2. Material and Methods 

2.1. Aedes Rearing and Species Identification by Morphological Characteristics 

Mosquito larvae were collected and reared under carefully maintained conditions at the Animal Care 

Unit of the Zoology Laboratory of the Biology Department at the University of Jember. These 

conditions included a constant temperature of 28°C with 60% relative humidity.  Species identification 

of Ae. aegyptiand Ae. albopictus was done using morphological characteristics of the mesonotum, 

mesepimeron, and femur. The mesonotum portion of Ae. aegypti has a row of white hairs forming two 

curved white lines, while Ae. albopictus has only one white line. Secondly, the mesepimeron of the 

two species is quite different. Ae. aegypti has a collection of white scales that form two separate white 

patches, while Ae. albopictus merges into one. Ae. aegypti has a row of white hairs that form a white 

stripe pattern on the anterior femur, while Ae. albopictus does not have this pattern on the femur [22]. 

 

2.2. Salivary Gland (SG) Dissection and Protein Extraction  

The salivary glands from adult mosquito females were dissected using a fine entomological needle 

under a stereomicroscope. Salivary glands in PMSF and PBS were added to a concentration containing 

a lysis buffer (1:1) (Sigma-Aldrict, USA). This buffer was composed of 1.5 mM MgCl2, 10 

mMtrisHCl, 10 mMNaCl, 1% Nonidet P-40, and 2 mM EDTA NaOH (Sigma-Aldrict, USA) [23]. 

Mixtures were homogenized using a micropistile and then underwent a sonicator water bath (Biosan, 

Latvia) for 30' and centrifuged at 12.600 rpm 15' 4oC (Eppendorf, Germany). The supernatant was 

concentrated using epi membrane (10 kDa MWCO) (Corning, USA) and centrifuged again at 10.000 

rpm, 4°C. This was repeated several times to create a dense protein concentration from the salivary 

gland extracts (4 ug/ul) (Invitrogen, USA). Salivary gland proteins were then stored at-20oC until used.  

 

 

2.3. Blood Sera Collection 

Sera samples were taken from healthy people (15-40 years old), infants (neonates) and DHF patients 

living in Jember, East Java, a region within the endemic range for Dengue. All participants gave 

written, informed consent to take part in the study. The collecting protocol was approved by the 

Ethical Committee No 148/UN25.8/KEPK/DL/2018 of the Medical Faculty of the University of 

Jember-Indonesia.  
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2.4. In vitro Analysis of Human Immune Response against Protein Extract of Salivary Gland by 

ELISA 

The human immune response against proteins extracted from the salivary glands (SG) of Ae. 

aegyptiand Ae. albopictuswere determined using ELISA. The 96-well ELISA plates (Corning, USA) 

were coated with 4 µg/ml (50 µL/well) extracts from the salivary glands of Ae. Aegypti and Ae 

albopictus SG and several wells without SG were added with PBS (Merck, USA) as a negative 

control. SG were diluted in 0,1 M bicarbonate buffer (pH 9,6) overnight at 4oC. Plates were blocked 

for 2 hours at 37oC with 1% BSA in PBS-T (PBS, pH 7,4; 0,05% Tween-20S) (Merck, USA). Sera, 

diluted to 1:100, was added and the result was incubated at 37oC for 1 hour. Washes were done with 

PBS-T (Merck, USA) between incubations. Fifty microliters of horseradish peroxidase (HRP) and 

conjugated Rabbit anti-Human IgG (1:5000) (Rockland, USA) were incubated for 1 hour at 37oC. 

Enzyme activity was determined through incubating for 10 minutes at room temperature with 50 µL 

tetramethylbenzidine (TMB) (Rockland, USA). Enzymatic reactions were stopped using 50 µL 1M 

H2SO4(Sigma-Aldrict, USA) for 10 minutes at room temperature. The optical density (OD) of 450 nm 

was determined with a microplate reader (Bio-Rad, USA). 

 

3. Results and Discussion 

3.1. Species Identification and Salivary Gland Structure 

Species identification based on morphological characters revealed differences between the  

mesonotum, mesepimeron, and anterior femur of Ae. aegypti andAe. albopictus. Ae. aegypti has a row 

of white hairs which form a white stripe pattern that is a pair of straight white lines and a pair of 

curved lines like the lyre in the mesonotum, whereas Ae. albopictus has only one straight white line 

(Figure 1). The mesepimeron of Ae. aegypti has white scales which form two separate white patches, 

while on Ae. albopictus, these scales are merged into one patch (Figure 2). The femur of Ae. aegypti 

has a row of white hair that forms a straight white line on the anterior part, whereas Ae. albopictus 

only has black hair on the anterior femur (Figure 3).  

 

 
 

Figure 1. Mesonotum of Ae. aegypti (A) and Ae. albopictus (B), LM (Lyre Marking), MLI 

(Submedian Longitudinal Line) (taken by Stereo Microscope40x zoom in, camera: OptiLab, Olympus, 

USA). 
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Figure 2.Mesepimeron of Ae.aegypti (A) and Ae. albopictus (B) (taken by Stereo Microscope 40x 

zoom in, camera: OptiLab, Olympus, USA). 

 

 
Figure 3.Anterior femur of Ae. aegypti(C) and Ae. albopictus(D) (taken by Stereo Microscope 40x 

zoom in, camera: OptiLab, Olympus, USA). 

 

 
 

Figure 4. Salivary gland dissected from a female Ae. albopictus(A) and Ae. aegypti(B), 

Salivary Duct (SD), Lateral lobes (L), Proximal- Lateral (PL), Distal-Lateral (DL), Medial lobes(M) 

(taken by Stereo Microscope 40x zoom in, camera: OptiLab (Olympus, USA). 
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The structures of the salivary gland of adult female Ae. aegypti and Ae. albopictusare similar. They 

form a single pair connected by salivary ducts. Each has three lobes: two lateral lobes (L) and one 

medial lobe (M). The lateral lobe is divided into 2 sections: proximal lateral (PL), and distal lateral 

(DL). Proximal lateral lobes synthesize enzymes involved in sugar meals, while medial  anddistal 

lateral lobes produce molecules related to blood meals [13;24]. Each lobe produces proteins that can 

modulate the immune response of the host during blood feeding. Apyrase and α-glucoside, found in 

the proximal and lateral lobes of the salivary glands of Aedes, play a role in modulating the immune 

response of the host through a platelet aggregation mechanism [25]. The morphology of adult female 

Ae. aegypti and Ae. The albopictussalivary gland can be shown in Figure 4. 

 

3.2. In Vitro Analysis of The Human Immune Response against Aedes Salivary Gland Extract  

In vitro analysis of human humoral immune response (IgG) in this study was carried out using the 

ELISA (Enzyme-Linked Immunosorbent Assay) method. The results of human immune response 

(IgG) from individual sera samples of the neonate, healthy people and DHF patient can be seen in 

Figures 5 and 6. The negative controls from individual samples have IgG levels zero. This indicates 

there were no specific antibodies that bind to an antigen. The presence of antibody antigen-binding 

indicates that sera samples have been exposed by saliva Aedes either directly through mosquito 

exposure in DHF patients, healthy people or through the placenta in the neonate group. Neonate 

samples detected IgG in low levels, the low level of IgG in the neonate originated from the mother 

through the placenta during pregnancy. IgG is the only antibody from the mother that can penetrate to 

the baby through the placenta [26;27]. 

 

 
Figure 5. Individual Human Immune Response (IgG) to salivary gland of Ae. aegypti. 

 

 
Figure 6. Individual Human Immune Response (IgG) to the salivary gland of Ae. albopictus. 

 

The IgG immune response in individual sera samples varied (Figure 5 and 6). The varied immune 

responses indicate that samples were frequently exposed to mosquitoes. Differences in immune 
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responses originate from varying exposure intensities [28]. After several instances of blood-feeding, or 

intensive exposure, the host immune response develops a recognition response that produces antigens 

in response to the mosquito saliva [29]. A person who is often exposed to saliva Aedes will have many 

specific antibodies, especially IgG [15]. The primary exposure to Aedes saliva produces low IgG, 

while secondary exposure induces a greater response.  There was a linear relationship found between 

IgG production and exposure. This is triggered by increased B cell proliferation, which plays a role in 

producing IgG [30]. Results indicate that samples from DHF patients and those from healthy people in 

endemic areas had higher levels of IgG than the neonate samples. These differences likely derive from 

differing levels of direct exposure to mosquito saliva 

 

 
Figure 7. Human Immune Response (IgG) from population sample against salivary gland  

of Ae. aegypti. 

 

 

 
Figure 8. Human Immune Response (IgG) from population sample against salivary gland  

of Ae. Albopictus. 

The ELISA analysis revealed a similar immune response across the sample population  (Figure 7 

and 8). Based on analysis of independent sample T test results of the human immune response 
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against salivary gland extract of Ae. aegyptidemonstrate  the neonate, the healthy and the DHF 

population had a significance value of 0.00 (p<0.05) as well as the healthy  with DHF population. This 

shows that there was a significant difference of human immune response in each population.  While 

the T-test result of human immune response to Ae. albopictus salivary gland extract showed a 

significance value of 0.094 (p>0.05) in the neonate with the healthy population. This shows that there 

were no significant differences between these two populations. However, the results of the T test in the 

neonates and DHF population as well as between the healthy and DHF population have a significance 

value 0.001 (p<0.05) and 0.032 (p<0.05). This indicates that the human immune response against 

salivary gland extract of Ae.albopictusin neonates and the DHF population as well as between the 

healthy population and DHF showed significant differences. 

The highest immune response was found in DHF patients, followed by that of healthy persons, and 

finally the neonate samples, respectively. The immune response of dengue patients and healthy people 

were varied, it was caused that the grade of exposure to each individual was different, therefore each 

individual has a different response [31]. The healthy residents and DHF patients in endemic areas tend 

to produce antibodies to salivary exposure to Aedes[20].  The density of mosquitoes in an area 

correlates to IgG host immune response [29]. Results from analysis reveal that endemic people have 

higher IgG values than the neonate group. 

The IgG response is one of the protective mechanisms from the host to respond to the saliva vector 

as antigen. This mechanism will occur after the host got repeated exposure to mosquito vectors during 

the blood-feeding process. The healthy people in the endemic area also got exposure more than once, 

therefore analysis results reveal that endemic people have higher IgG values than neonates. The host 

immune responses in arthropod-salvates repeated exposure will modulate adaptive immune responses 

leading to the Th 2. It will activate B cells, thus will form plasma cells to produce specific antibodies 

(such as IgG) [12;20]. 

 

4. Conclusions 

The human immune response to an antigen of the salivary gland of dengue vector i.e. Ae. albopictus 

and Ae. aegypti shows that dengue patients have the highest value for IgG level over healthy 

individuals as well as a neonate group.  This result indicates that salivary glands extract Ae. 

albopictusand Ae. aegypti can modulate the immune system of the host. 

 

Acknowledgments 

This research was funded by the University of Jember DIPA with Assignment Letter 

1388/UN.25.3.1/LT/2019 of the research group grants scheme 2019. 

 

References 

[1] Simasathien S and V Watanaveeradej. 2005. Dengue vaccine. J. Med.Assoc.Thai. 88 S363–77. 

[2]  Hill CA, FC Kafatos, SK Stansfield, FH Collins. 2005. Arthropodborne diseases: vector control 

in the genomics era. Nat. Rev. Microbiol. 3 262-268. 

[3] Abreu IVC &MROrtigao. 2010. Transmission Blocking Vaccines to Control Insect-Borne 

Diseases - A Review. Mem.Inst. Oswaldo Cruz. 105 1-12. 

[4] Edelman R. 2007. Dengue Vaccine Approach the Finish Line. Center for Vaccine Development, 

University of Maryland School of Medicine Baltimore St. CID. 45 556-560. 

[5]  Murrel S, W Suh-Chin, M Butler. 2011. Review of dengue virus and the development of 

vaccine.  Biotechnology Advances. 29 239-247. 

[6] Sim S, Dimopoulos G 2010. Dengue virus inhibit immune repon in Ae. aegypti cell.Plos One. 5 

1-9. 

[7] Luplertlop N, P Surasombattana, S Patramool, E Dumas, L Wasinpiyamongkol, L Saune, R 

Hamel, E Bernard, D Sereno, F Thomas, D Piquemal, H Yssel, L Briant L, D Misse. 2011. 

Induction of peptide with activity against a broad spectrum of pathogens in the Aedesaegypti 

salivary gland following infection with dengue virus. Plos. Pathogens. 7 1-15. 

Digital Repository Universitas JemberDigital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


4th International Conference on Bioscience and Biotechnology
IOP Conf. Series: Earth and Environmental Science 913 (2021) 012090

IOP Publishing
doi:10.1088/1755-1315/913/1/012090

8

[8] Schneider B, L Soong, N Zeidner, S Higgs. 2004. Aedesaegyptisalivary gland extracts modulate 

anti-viral and Th1/Th2 cytokine responses to sindbis virus infection. Viral Immunilogy.17 

565-573. 

[9] Almeras L, A Fontaine, M Belghazi, S Bourdon. 2010. Salivary gland protein repertoire from 

Aeaegyptimosquitoes.  Vector Borne and Zoonotic Diseases. 10 391-402. 

[10] Andrade BB, CR Teixeira, A Barral, M Barral-Netto. 2005. Haematophagous arthropod saliva 

and host defense system: a tale of tear and blood. An. Acad. Bras. Cienc. 77 665-693. 

[11]  Titus R.G, JV Bishop, JS Mejia. 2006. The immunomodulatory factors of arthropod saliva and 

the potential for these factors to serve as vaccine targets to prevent pathogen transmission. 

Parasite Immunology. 28 131-141. 

[12] Fontaine, Albin.,  IbrahimaDiouf., NawalBakkali., DorothéeMissé., FrédéricPagès., Thierry 

Fusai., Christophe Rogier., Lionel Almeras. 2011. Implication of haematophagous arthropod 

salivary proteins in host-vector interactions. Parasites and Vectors. 4 1-17.  

[13]   James, A. 2003. Review: Blocking malaria parasite invasion of mosquito salivary gland. The 

Journal of Experimental Biology. 206 3817-3821. 

[14] Gillespie, RD, ML Mbow, RG Titus. 2000. The Immunomodulatory Factors of Blood Feeding 

Arthropod Saliva. Parasite Immunol. 22 319-331.  

[15] Remoue F, B Cisse, F Ba, C Sokhna. 2006. Evaluation of the Antibody Response to Anopheles 

Salivary Antigens as a Potential Marker of Risk of Malaria. Trans R Soc Trop. Med.Hyg. 100 

363–370. 

[16] Remoue, F., E. Alix, S. Cornelie, C. Sokhna, 2007. IgE and IgG4 Antibody Responses to Aedes 

Saliva in African Children. Acta Trop. 104 108–115. 

[17] Pradines E, L Almeras, L Denis de Senneville, S Barbe. 2007. Antibody Response Against 

Saliva Antigens of Anophelesgambiae and Aedesaegypti in Travellers in Tropical Africa. 

Microbes. Infect. 9 1454–1462. 

[18] Waitayakul A, S Sumsri, J Sattabongkot, S Looareesuwan, L Cui, R Udamsangpetch 

2006.Natural human humoral response to SG proteins of Anopheles mosquotioes in 

Thailand.ActaTropica. 98 66-73. 

[19]  Cornelie S, F Remouse, S Doucoure, T Ndiaye, F Xavier-Sauvage, D Boulanger, F Simondon. 

2007. An insight into immmunogenic proteins of Anopheles gambiae in African cildren. 

Malaria Journal. 6 1-7. 

[20] Doucoure S, Mouchet F, Comelie S, Dehecq JS, Rutee AH, Roca Y, Walter A, Herve JP, 

Misse,D, Favier F, Gasque P, Remoe F 2012 Evaluation of the Human IgG Antibody 

Response to Aedesalbopictus Saliva as a New Specific Biomarker of Exposure to Vector 

Bites.PloSNegl Trop Dis. 6 187. 

[21] Chen K, PohanHT,Sinto R 2009Diagnosis danterapicairanpadademamberdarah dengue. 

Jakarta: FakultasKedokteranUniversitas Indonesia Press. 

[22]  Rahayu DF andUstiawan A 2013 IdentifikasiAedesaegyptidanAedesalbopictus.Balaba: 

jurnallitbangpengendalianpenyakitbersumberbinatangbanjarnegara. 9 7-10. 

[23] Lormeau VMC 2009Dengue viruses bindings protein from Ae. aegypti and Ae. polynesiensis 

salivary glands. Virology Journal. 6 1-4. 

[24]  Juhn J, Naeem-Ullah U, Guedes BAM, Majid A, Coleman J, Pimenta PFP, Akram W, James 

AA, Marinotti O 2011 Spatial mapping of gene expression in the salivary glands of the 

Dengue vector mosquito Ae.aegypti. Parasites and Vectors. 41 1-13. 

[25] Meekins DA, Kanostdan MR, Michel K 2017 Serpins in Arthropod Biology. Seminars in cell 

&developmental biology. 62 105-119. 

[26] Bratawidjaja KG and Rengganis I 2014ImunologiDasarEdisi 11. Jakarta: 

BadanPenerbitFakultasKedokteranUniversitas Indonesia. 

[27] Palmeira, Patricia, Camila Q, Silveira-Lessa AL, Zago CA, Carneiro-Sampaio M 2011 IgG 

Placental Transfer in Healthy and Pathological Pregnancies. Clinical and Developmental 

Immunology. 2012 13. 

Digital Repository Universitas JemberDigital Repository Universitas Jember

https://parasitesandvectors.biomedcentral.com/articles/10.1186/1756-3305-4-187#auth-2
https://parasitesandvectors.biomedcentral.com/articles/10.1186/1756-3305-4-187#auth-3
https://parasitesandvectors.biomedcentral.com/articles/10.1186/1756-3305-4-187#auth-4
https://parasitesandvectors.biomedcentral.com/articles/10.1186/1756-3305-4-187#auth-5
https://parasitesandvectors.biomedcentral.com/articles/10.1186/1756-3305-4-187#auth-6
https://parasitesandvectors.biomedcentral.com/articles/10.1186/1756-3305-4-187#auth-6
https://parasitesandvectors.biomedcentral.com/articles/10.1186/1756-3305-4-187#auth-7
https://parasitesandvectors.biomedcentral.com/articles/10.1186/1756-3305-4-187#auth-8
http://repository.unej.ac.id/
http://repository.unej.ac.id/


4th International Conference on Bioscience and Biotechnology
IOP Conf. Series: Earth and Environmental Science 913 (2021) 012090

IOP Publishing
doi:10.1088/1755-1315/913/1/012090

9

[28] Antari and Arlita L. 2017. ImunologiDasar. Yogjakarta:Deepublish. 

[29] Billingsley PF, Baird J, Mitchell JA, Drakeley C 2006 Immune interactions between mosquitoes 

and their hosts. Parasite Immunology. 28 143-153. 

[30]   Orlandi PE, Almeras L, Senneville DL, Barbe S, Remoue F, Villard C, Cornelie S, Penhoat K, 

Pascual A, Bourgouin C, Fontenille D, Bonnet J, Corre-Catelin N, Reiter P, Page´s P, Laffite 

D, Boulanger D, Simondon FO, Pradines B, Fusa T, Rogier C 2007 Antibody Response 

Against Saliva Antigens of Anopheles gambiaeandAedesaegyptiinTravellers in Tropical 

Africa. Microbes and Infection. 9 1454-1462. 

[31]   Franceschi, C, Stefano S, Paolo G, Magda de E, Daniela M, Miriam C 2017Immunobiography 

and The Heterogeneity of Immune Response in The Elderly: A Foccus on Inflammaging and 

Trained Immunity. Frontiers In Immunology. 8 1-11. 

 

Digital Repository Universitas JemberDigital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/

