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Development of Anti-Mosquito Vaccine from Malpighian Tubules of Culex Mosquito in Mice Model  

ABSTRACT
Mosquitoes are vectors for several deadly diseases such as dengue, malaria, filariasis, yellow fever, and Zika, contributing significantly to global mortality. Current control methods-physical, chemical, and biological-are costly, often ineffective, and can pose risks to animal health. As a novel approach, this study aimed to develop a cell-based anti-mosquito vaccine using Malpighian tubule cells from mosquitoes and evaluate its efficacy in a mouse model. Culex mosquitoes were collected, reared, and dissected to isolate Malpighian tubules, which were then homogenized to prepare a cell suspension for vaccination. Mice were injected with the subcutaneous vaccine or saline (control) on days 0, 30, 60, and 70. Serological and hematological analyses showed no significant change in red blood cells, but vaccinated mice exhibited increased white blood cells, especially lymphocytes and basophils, and decreased neutrophils after booster doses. Similarly, total IgG level in serum of vaccinated mice was enhanced significantly on Day 70 as compared with that of control mice. Upon exposure of mice to mosquitoes, average survival rate of mosquitoes exposed to the vaccinated mice was 34%, significantly reduced as compared to that of the controls (64%), indicating moderate level of effectiveness of the vaccine. However, histological analysis revealed adverse effects on lungs, liver, and kidneys. Thus, while promising, further research is needed to minimize side effects, increase effectiveness up to satisfactory level by using adjuvant, and assess feasibility for human use.	Comment by Arslan: Remove this  hypen	Comment by Arslan: Remove that comma
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1. INTRODUCTION
Mosquito-borne diseases, such as malaria, dengue, Zika, chikungunya, and yellow fever, are responsible for over a million deaths and affect more than 700 million people each year, particularly in Southeast Asia, Latin America, East Africa, and India [1-3]. Aedes aegypti mosquitoes are the primary vectors for many of these viral infections, while others, such as malaria and filariasis, are caused by protozoan and helminthic parasites transmitted by different mosquito species [4, 5].	Comment by Arslan: Remove this coomma
Traditional mosquito control relies heavily on insecticides like pyrethroids, carbamates, and organophosphates, which target the nervous system [6]. However, overuse has led to widespread insecticide resistance, reducing their effectiveness [6, 7]. Moreover, in many regions, implementing genetic or biological mosquito control strategies is financially or logistically unfeasible [8, 9]. This underscores the urgent need for novel, sustainable alternatives. Vaccination is a cornerstone of modern medicine, offering active, acquired immunity against infectious diseases. As one of the most cost-effective public health interventions, vaccination saves millions of lives annually [10]. Vaccines typically contain agents derived from weakened or inactivated pathogens, their toxins, or surface proteins [11]. These agents stimulate the immune system to recognize and eliminate the threat, and provide long-lasting protection by building immunological memory [11]. In recent years, an innovative strategy has emerged which includes the development of vaccines not only against pathogens but also against their vectors, specifically mosquitoes [12, 13]. This vector-targeted vaccination approach aims to impair the mosquito's ability to transmit disease, thereby addressing the root of disease transmission rather than just the pathogens themselves [12, 13].	Comment by Arslan: Remove this extra commas
One promising path involves developing vaccines that target mosquito tissues such as the salivary glands, gut, and Malpighian tubules [14, 15]. Salivary proteins introduced into the host during blood feeding play a key role in pathogen transmission [16]. Hosts immunized against these proteins have demonstrated increased resistance to mosquito-borne infections[14, 16]. Similarly, the gut and Malpighian tubules which are vital organs for nutrient absorption, waste excretion, and maintaining internal homeostasis after blood feeding, present attractive targets for disrupting mosquito physiology[15]. Evidence from previous studies supports the feasibility of vector-targeted vaccines. For instance, immunization against the cattle tick Boophilus microplus using recombinant gut antigens impaired feeding and reproduction [17, 18]. Similarly, antibodies against mosquito midgut and salivary proteins have reduced mosquito susceptibility to arboviruses, though without significantly affecting their survival [19].
Given the global health burden posed by mosquito-borne diseases and the limitations of current control strategies, the development of an anti-mosquito vaccine offers a transformative solution. By targeting vital mosquito tissues, such a vaccine could impair mosquito fitness or reduce pathogen transmission, contributing significantly to disease prevention. Hence, this project was designed to develop an anti-mosquito vaccine using cells of Malpighian tubules of mosquitoes, and then to evaluate its efficacy in mice model to reduce mosquito survival.

2. MATERIALS AND METHODS
2.1 Collection of mosquito and isolation of Malpighian tubules 
Culex mosquitoes were collected by using mosquito net in plastic jars from Rajshahi University campus. Then, mosquitoes which contained enough blood in their guts were sorted for dissection to isolate Malpighian tubules. Before dissection, mosquitoes were kept in refrigerator at -200C for 10 minutes. Then these mosquitoes were dissected with normal saline water under stereomicroscope and collected five Malpighian tubules from five mosquitoes. Then collected Malpighian tubules were washed with normal saline water and stored in Eppendorf tube for using in vaccine preparation.  
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Figure 1. Malpighian tubules along with hindgut of Culex mosquito. 

2.2 Development of vaccine from Malpighian tubules of Mosquito
The collected Malpighian tubules were crushed in normal saline water with a homogenizer several times to get cell suspension of Malpighian tubules. Then homogenized cell suspension of Malpighian tubules was filtered by using 0.1 mm pore size aluminum mesh net. This cell suspension was collected in sterile Eppendorf tube for using as anti- mosquito vaccine.	Comment by Arslan: Correct it spelling 
2.3 Mice rearing and vaccination with anti-mosquito vaccine
Total 6 BALB/c laboratory mice were reared for control and vaccinated group, 3 mice for each group. Two groups of mice were reared in two separate cages. The mice and rearing cages were labeled accordingly as control and vaccinated. Poultry feeds mixed with paddy rice were used as food for mice. The collected cell suspension from Malpighian tubules in sterile Eppendorf tube was used as anti- mosquito vaccine in mice. For vaccination rodent holder tube was used to hold mouse. To avoid injury to mouse and researcher, standard safety measures were taken. FeelJet insulin syringes (Feeltech Co.,Ltd., Korea) were used in vaccinations of the mice. The mouse was vaccinated with the 2 ml cell suspension of Malpighian tubules at day 0, 30, 60 and 70 days. In the same way, the control mouse was also injected with normal saline water at 0, 30, 60 and 70 days.	Comment by Arslan: Spell it correctly	Comment by Arslan: Remove spaces of below heading

2.4 Evaluation of blood cell number in mice
Total and differential count of blood cell number of vaccinated and control mice were evaluated at day 0 and day 70 as described previously elsewhere [20, 21]. Briefly, blood samples were collected from the tail veins of both control and vaccinated mice on Day 0 and Day 70 for the assessment of white blood cell (WBC) and red blood cell (RBC) counts. To determine the total WBC and RBC counts, the blood was diluted with specific WBC and RBC diluting fluids (Himedia, USA), respectively. The diluted samples were then loaded onto a hemocytometer, and cell counts were performed using a light microscope. The number of cells per cubic millimeter (cumm) was calculated following the manufacturer's protocol (Himedia, USA).
For the differential count, blood films were prepared by spreading a drop of collected blood on a clean glass slide, which was then rapidly air-dried. The dried film was stained with Leishman's Stain (Himedia S018, USA) for one minute, allowing the methanol in the stain to fix the cells. Subsequently, an equal volume of distilled water was added to the stain on the slide and mixed gently. This diluted stain was left to act for 10–12 minutes. After staining, the slide was rinsed with distilled water or phosphate buffer (pH 7.0), drained, and air-dried. The stained blood film was then examined under a microscope using an oil immersion lens.
2.5 Challenging the control and vaccinated mice with mosquitos 
To evaluate the effect of blood feeding from the vaccinated mice on survival of Culex mosquitoes, the challenge test was done on Day 72, 73, 74, 75 and 76. For the challenge test, body hair of mice was trimmed by the trimmer so that misquotes can access easily to the skin of the mice. Then, the known numbers of Culex mosquitoes were introduced into the control and vaccinated mice cage which were covered with mosquito-net separately. After overnight challenging, the numbers of alive and death mosquitoes in the control and vaccinated cages were counted in the morning and recorded for calculation of their survival rate. 
	Comment by Arslan: Remove this space

2.6 Histological Examination
On day 80, both control and vaccinated mice were sacrificed, and their organs, including the lungs, liver, and kidneys, were collected for histological analysis. Tissue samples were processed following previously described protocols [20-22]. Briefly, the dissected organs were immediately fixed in 10% Bouin’s fluid, rinsed with distilled water, and dehydrated through a graded ethanol series (30%, 50%, 70%, 85%, and 100%). The tissues were then cleared in xylene and embedded in paraffin wax at 56-60 °C. Paraffin-embedded tissues were sectioned at 5 μm thickness using a rotary microtome, and the sections were mounted on glass slides. To remove paraffin, the sections were treated with xylene and rehydrated by sequential washing in 90%, 70%, 50%, and 30% ethanol. Afterward, the slides were rinsed with distilled water, stained with hematoxylin for 3 minutes, and washed under running tap water for 1 minute. The sections were then counterstained with eosin for 45 seconds, examined under a microscope (Labomed, California), and photographed. Histopathological changes in the organs of vaccinated mice were documented and compared with those observed in the control group.	Comment by Arslan: Correct its Grammatical mistake
2.7 Measurement of nonspecific IgG titer in mice by ELISA
Blood samples were collected from the tail veins of both control and vaccinated mice on Day 0 and Day 70 to measure nonspecific IgG titers in mice. For ELISA, a 96-well ELISA plate was coated with 100 µL of 10 µg/mL BSA in carbonate buffer and incubated overnight at 4°C. Then the plate was washed and blocked with 200 µL of 5% BSA in PBS for 1 hour at room temperature. After washing, serial dilutions of mouse serum were added in PBS and incubated for 1 hour. The plate was washed thoroughly, then 100 µL of HRP-conjugated anti-mouse IgG was added in each well and incubated for 1 hour. After the final washes, 100 µL of TMB substrate was added in each well and incubated in the dark until color development. After color development, the stop solution was added, and the absorbance was read immediately at 450 nm and nonspecific IgG titer in mice was calculated. All reagents used for ELISA were from BioLegend, USA which were prepared according to the manufacturer's instructions. 	Comment by Arslan: Correct it grammar 

2.8 Data analysis
Finally, to evaluate the efficacy of developed vaccine to control mosquitos, all data was analyzed with Prism software (GraphPad, La Jolla, CA, USA). All data was analyzed by using two tailed unpaired Student's t-tests.

3. RESULTS
For haematological evaluation, the total count of Red Blood Cells (RBC) and White Blood Cells (WBC) was assessed in the control and the vaccinated mice before the first dose of vaccination (Day 0) and after the booster dose of vaccination (Day 70). The result revealed that there was no noticeable changed between the total count of RBC before the vaccination and after the booster dose of vaccination in both the control and the vaccinated mice (Fig. 2). Contrary, total count of WBC increased significantly in the vaccinated mice after booster dose (Day 70) as compared with the total count of WBC on Day 0 (Fig. 3). But no remarkable difference was found between the total count of WBC on Day 0 and Day 70 in control mice (Fig. 3).






Figure 2. Total count of Red Blood Cells (RBC) in the control and the vaccinated mice on Day 0 (Before vaccination) and Day 70 (After booster dose of vaccine). Data are mean ± SEM from three independent experiments.  


Figure 3. Total count of White Blood Cells (WBC) in the control and the vaccinated mice on Day 0 (Before vaccination) and Day 70 (After booster dose of vaccine). Data are mean ± SEM from three independent experiments.  *P<0.05.   

Differential count of WBC in the control mice on both Day 0 and Day 70 showed that Neutrophils was the highest percentage in the WBC followed by Lymphocytes, Basophils, Eosinophils and Monocytes (Fig. 4). The result revealed that there was no noticeable difference between differential count of WBC (% of different types of WBC) on Day 0 and Day 70 in control mice (Fig 4). 


Figure 4. Differential count of White Blood Cells (WBC) in the control mice on Day 0 and Day 70. Data are mean ± SEM from three independent experiments.

The differential count of WBC in the vaccinated mice revealed that the percentage of different types of WBC on Day 0 (before vaccination) was comparable to those of the control mice (Fig. 3 and 4). But on Day 70 (after booster dose), the percentage of Neutrophils and Monocytes decreased remarkably while the percentage of Lymphocytes and Basophils increased significantly in the vaccinated mice as compared with the percentages of the respective WBC in the same mice on Day 0 (Fig 4).  


Figure 5. Differential count of White Blood Cells (WBC) in the vaccinated mice on Day 0 (Before vaccination) and Day 70 (After booster dose of vaccine). Data are mean ± SEM from three independent experiments.  **P<0.01 and *P<0.05.    

Enhancement of the antibody titer, especially IgG titer in serum is a good indicator of vaccine efficacy [23], hence we measured the total IgG level in serum of mice before (Day 0) and after vaccination (Day 70). The results of serological test revealed that total IgG levels in serum of both control and vaccinated mice were comparable before vaccination on Day 0 (Fig. 6). But total IgG level in serum of the vaccinated mice was enhanced significantly after booster dose of vaccination (Day 70) as compared with that before vaccination (Day 0) while total IgG levels in serum of the control mice were similar on Day 0 and Day 70 (Fig. 6).




Figure 6. Total IgG level in serum of the control mice and the vaccinated mice on Day 0 and Day 70. Data are mean ± SEM from three independent experiments.  *P<0.05.    

To evaluate the vaccine efficacy by challenge test, both the control and the vaccinated mice were challenged with known number of female Culex mosquitoes overnight in the control and the vaccinated cage. After overnight challenge, the average survival rate of mosquitoes in the control and vaccinated cages were 64% and 34% respectively (Fig. 7). The results of challenge test showed that the mosquitoes survival rate was significantly higher in the control mouse than in the vaccinated mouse (Fig. 7) indicating the relation between blood feeding from the vaccinated mice by mosquitoes with their higher mortality rate. 


Figure 7. Survival rates of mosquitoes after overnight challenge to the control and the vaccinated mice on Day 72, 73, 74, 75 and 76. Data are mean±SEM from five independent experiments. **P<0.01.  
The effects of anti-mosquito vaccine on histology of the lung, liver, and kidney of the mice were studied. The results revealed that anti-mosquito vaccine adversely affect the histological structure of lung, liver and kidney of the studied mouse. The compact well-organized alveoli with regular structure of veins were observed in histological slides of lung of control mouse indicating that the control mouse was healthy on the day of its sacrifice (Fig. 8).  Contrary, alveoli of vaccinated mouse were irregularly arranged with some pathological features including infiltration of blood cells (Fig. 8). It was found that muscles became compact in some areas because of fibrosis (Fig. 8). Similarly, anti-mosquito vaccination disrupted the histological structure of liver and kidney (Fig. 9 and 10).  Cells in both the liver and kidney of the control mouse were regularly arranged. On the other hand, irregular arrangement of cells with some degree of fibrosis and infiltration of inflammatory cells were observed in both liver and kidney of the vaccinated mouse. 
   
[image: ]Figure 8. Representative images of histological slides of the lung of the control mice (left) and the vaccinated mice (right).	Comment by Arslan: Proper label images
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Figure 9. Representative images of histological slides of the liver of the control mice (left) and the vaccinated mice (right). 
[image: ]   	Comment by Arslan: Label it in proper way
Figure 10. Representative images of histological slides of the liver of the control mice (left) and the vaccinated mice (right). 


4. DISCUSSION
The study explored the use of Malpighian tubule-derived cell preparations as a novel vaccine to stimulate an immune response in mice. Malpighian tubules play a crucial role in mosquito osmoregulation and metabolism, and their cells could contain proteins essential for mosquito survival [15, 24]. The observed immunological responses, specifically the increased levels of white blood cells (WBCs), lymphocytes, and basophils, along with a significant rise in serum IgG levels suggest that the vaccine effectively elicited a systemic immune response. This supports the hypothesis that mammalian antibodies could target key mosquito proteins presence in Malpighian tubules upon blood feeding, thereby impairing mosquito physiology and survival. This concept was supported by other studies on development of anti-tick or anti-sandfly vaccines [25, 26]. A study on vaccination of mice with salivary gland protein of mosquitoes reported that it can protect mice from various notorious diseases by reducing transmission of pathogens [27]. Vaccine against Boophilus microplus (cattle tick) has also been examined under field conditions by using recombinant antigen. Ticks that feed on blood from vaccinated hosts are harmed directly against their gut cells by immune response [28].	Comment by Arslan: Correct its grammar
Importantly, the 34% survival rate of mosquitoes feeding on vaccinated mice, compared to 64% in controls, is indicative of moderate vaccine efficacy. This aligns with the concept of "zooprophylaxis via immunization," where host immunity indirectly contributes to vector mortality or decreased vector competence [29, 30]. However, the efficacy remains suboptimal for field applications, particularly when contrasted with conventional interventions or transmission-blocking vaccines targeting pathogens like Plasmodium [31].
Though, the study raises significant safety concerns, as histological damage to lungs, liver, and kidneys was observed in vaccinated mice. These adverse effects could result from the non-specific or toxic nature of some Malpighian tubule components or from the host immune system targeting cross-reactive antigens. This highlights the need for further study on antigen purification, selection of non-toxic immunogenic proteins, and incorporation of safer adjuvants to enhance immunogenicity while minimizing toxicity [32]. The application of recombinant protein technology or epitope mapping could also help identify candidate proteins with mosquito-specific activity and low homology to mammalian proteins [32, 33]. Similarly, further research is essential to minimize harmful side effects. Although the results were promising, further evaluation and additional testing are crucial before the vaccine can be considered for widespread use, particularly in humans.	Comment by Arslan:  Remove below extra space


5. CONCLUSION
In conclusion, the study demonstrates the potential of a novel cell-based anti-mosquito vaccine derived from Malpighian tubule cells, showing moderate effectiveness in reducing mosquito survival. The immune response in vaccinated mice, marked by elevated IgG levels and increased lymphocytes, supports its immunogenicity. However, observed organ toxicity indicates safety concerns that must be addressed. Future research should focus on optimizing the formulation, possibly through adjuvant use, to enhance efficacy and reduce adverse effects. While the findings are encouraging, extensive testing is essential before considering the vaccine for broader applications, including potential use in humans.
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