[bookmark: _Hlk200443971]Host macrophages/monocytes promote malaria transmission by modulating mosquito microbiota via SR-A-mediated phagocytosis Biao He1#, Meilin Li1#, Shuai Guo1#, Jiaqin Fang1, Yongling Fan1, Nie Tan1, Taiping Liu1, Jianyong Li1, Feng Zhu1, Jian Zhang1, Wenyue Xu1,2*
1Department of Pathogenic Biology, Army Medical University, Chongqing 400038, China.
2Key Laboratory of Extreme Environmental Medicine, Ministry of Education of China, Chongqing, 400038, China.
# These authors contribute equally.
*Corresponding author. E-mail: xuwenyue@tmmu.edu.cn
[bookmark: OLE_LINK6][bookmark: OLE_LINK16][bookmark: _Hlk206840530][bookmark: _Hlk203495060][bookmark: _Hlk218848990]Abstract：Blood-stage malaria infection significantly increases the number of immune cells in the peripheral blood of vertebrate hosts, yet their roles in malaria transmission by mosquitoes remain poorly understood. In this study, we demonstrate that macrophages/monocytes—rather than neutrophils or NK/NKT cells—play a crucial role in enhancing malaria transmission to mosquitoes, both in rodent models and human. Mechanistically, these macrophages/ monocytes that migrate into the mosquito midgut suppress the growth of transmission-blocking microbiota, including E. anophelis, S. sonnei, and K. oxytoca, primarily through non-opsonic phagocytosis mediated by scavenger receptor A (SR-A). Importantly, either the depletion of macrophages/monocytes or the use anti-SR-A neutralizing antibodies significantly enhances the transmission-blocking efficacy of anti-Pfs25 monoclonal antibodies by increasing the abundance of these bacteria. This combination approach can lead to the complete blockade of transmission of Pfs25-transgenic Plasmodium berghei (P. berghei-pfs25). These findings reveal a previously unrecognized mechanism that the parasite co-opts host immune cells to eliminate transmission-blocking bacteria, suggesting opportunities for using anti-SR-A antibodies to inhibit malaria transmission and improve the efficacy of anti-Pfs25 monoclonal antibodies. 
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INTRODUCTION
Malaria continues to be one of the deadliest infectious diseases worldwide1. Although the use of insecticides and antimalarial drugs has significantly reduced malaria infections over the past few decades, the number of cases has plateaued and even increased in recent years2. Consequently, there is an urgent need for new intervention strategies to combat this infectious disease3. Malaria is transmitted through the bite of infected female mosquitoes. After a bite, both female and male gametocytes enter the mosquito's midgut, where they fertilize to form zygotes. These zygotes then develop into ookinetes, which traverse the midgut epithelium and mature into oocysts. Once matured, the oocysts rupture, releasing sporozoites into the hemolymph. Finally, the sporozoites invade the salivary glands and are injected into the skin when the infected mosquito bites a person4. Thus, targeting mosquito infection represents a promising strategy to disrupt malaria transmission.
[bookmark: _Hlk192755541]Following penetration of the midgut epithelium and subsequent development into oocysts, malaria parasites largely evade detection by the mosquito immune system, facilitating their maturation into sporozoites within the salivary glands5,6. In contrast, a substantial loss of malaria parasites occurs during their development in the midgut, rendering this stage a critical target for transmission-blocking interventions4. Several factors contribute to parasite attrition within the midgut. For instance, mosquito midgut microbiota can directly eliminate malaria sexual stages through the secretion of lipases or the generation of reactive oxygen species7-9. Additionally, mosquito midgut microbiota can also indirectly impede parasite development by modulating peritrophic matrix formation10 or mosquito immune responses11,12. Furthermore, the invasion of the midgut epithelium by ookinetes elicits both localized and systemic immune responses, leading to parasite destruction13-16. 
Emerging evidence indicates that host-derived serum factors, including gametocyte-targeted antibodies and transforming growth factor (TGF)-β1, also enter the mosquito midgut during natural malaria transmission and can modulate malaria transmission17,18. It has been shown that malaria blood-stage infections induces a significant expansion of immune cells in the peripheral blood of mice19. However, it remains largely unknown whether immune cells that are taken into the mosquito midgut during bites from malaria patients can also influence malaria transmission20,21.
Here, we revealed that innate immune cells were expanded in the peripheral blood of the infected mice, and macrophages/monocytes enhanced malaria transmission by reducing the abundance of transmission-blocking microbiota, including E. anophelis, S. sonnei and K. oxytoca in the mosquito midgut via SR-A-mediated phagocytosis.
[bookmark: _Hlk187354313]RESULTS 
Malaria infection primarily expands innate immune cells in peripheral blood of mice 
Mosquitoes acquire malaria parasites by biting infected hosts. During these bites, immune cells from the host's peripheral blood, along with the parasites, are ingested into the mosquito's midgut. However, it remains unclear whether these ingested immune cells influence the development of the parasites within the mosquito. To explore the impact of vertebrate host-derived immune cells on malaria transmission, we first investigated whether blood-stage malaria infections could trigger the expansion of immune cells in the peripheral blood. 
Four days post-infection with P. yoelii or P. berghei, blood samples were collected from the tails of infected mice, and the frequencies of innate immune cells, including DCs, macrophages, monocytes, NK/NKT Cells and neutrophils, as well as adaptive immune cells, such as CD4+/CD8+ T cells, B cells and DCs, were analyzed using flow cytometry (FACS) (Figs. 1a, Supplementary Fig 1). Notably, we observed a significant increase in the frequency of neutrophils (CD11b⁺Ly6G⁺), macrophages (CD11b⁺F4/80⁺), and monocytes (CD11b⁺F4/80⁻) in the peripheral blood of parasite-infected mice. Initially, the frequency of DCs (CD11c⁺MHC II⁺) were also found to increase in response to either P. yoelii or P. berghei infection, but no significant change was observed for P. berghei infection after three replications (Figs. 1b-e). The frequencies of NK/NKT cells (NK1.1⁺), CD4⁺ T cells (CD3α⁺CD4α⁺), and B cells (CD19⁺CD220⁺) did not change in the peripheral blood of mice infected with either P. yoelii or P. berghei. However, parasite infection reduced the frequency of CD8⁺ T cells (CD3α⁺CD8α⁺) (Figs. 1f-i). These findings suggest that malaria infection primarily expands specific immune cell populations in the peripheral blood of mice. 
Macrophages/monocytes, but not neutrophils and NK/NKT cells, significantly promote both rodent and human malaria transmission
To investigate the role of expanded innate immune cells in malaria transmission, we analyzed innate immune cell populations in the mosquito midgut three hours after the mosquitoes fed on parasite-infected mice using FACS. All major innate immune cell types were detected, with particularly high levels of NK/NKT cells, monocytes and neutrophils (Fig. 2a), suggesting a potential role for these cells in influencing malaria transmission.
Since gametocytes are the only stage of the malaria parasite that can develop further in mosquitoes, factors influencing gametocytemia in mice are potentially important for malaria transmission. We monitored gametocytemia in mice treated with anti-Ly6G (to deplete neutrophils), anti-NK1.1 (to deplete NK/NKT cells), or clodronate liposomes (CL) (to deplete monocytes and macrophages). We found no significant changes in gametocytemia in either P. yoelii or P. berghei-infected mice pre-treated with anti-Ly6G, anti-NK1.1, or CL (Supplementary Figs. 2a-b). Furthermore, the in vitro transformation of gametocytes from anti-Ly6G, anti-NK1.1, and CL-treated infected mice into ookinetes was comparable to that of gametocytes from control mice (Supplementary Figs. 2c-d). This indicates that the depletion of neutrophils, NK/NKT cells, or macrophages/monocytes does not significantly impact gametocyte function in mice. 
Next, mice infected with P. yoelii for three days were treated with anti-Ly6G, or anti-NK1.1. Twenty-four hours later, mosquitoes were allowed to feed on these mice, and oocyst numbers were quantified 7 days post-blood meal (Fig. 2b). No significant difference in either infection intensity or prevalence was observed in mosquitoes fed on P. yoelii-infected mice depleted of neutrophils (anti-Ly6G-treated) or NK/NKT cells (anti-NK1.1-treated) compared to the control (Figs. 2c-d, Supplementary Fig. 3a-d). These results suggest that neither neutrophils nor NK/NKT cells significantly influence malaria transmission.
Then, mice were treated with a high dose of CL to selectively deplete monocytes and macrophages in peripheral blood. FACS confirmed that CL treatment significantly reduced the frequency of macrophages/monocytes but had no significant effect on CD4+ T cells, CD8+ T cells, or B cells (Supplementary Figs. 3e-h). These results demonstrate the specificity of CL-mediated depletion for macrophages/monocytes. Interestingly, we found that mosquitoes feed on CL-treated mice displayed significantly reduced expression of secreted ookinete adhesive protein (SOAP) and von Willebrand factor A domain-related protein (WARP), key markers of ookinete development22,23, at 12 hours post-infection (Figs. 2e-f). This suggests that ookinete numbers are lower in mosquitoes fed on CL-treated mice compared to controls. In addition, the depletion of macrophages/monocytes using CL substantially reduced both infection intensity and prevalence of mosquitoes, regardless of whether they had fed on P. yoelii- or P. berghei-infected mice (Figs. 2g-h). By day 18, only a few sporozoites were detectable in mosquito salivary glands that had fed on P. yoelii-infected mice pretreated with CL (Fig. 2i), while no sporozoites were found in the salivary glands of mosquitoes feed on the CL-treated P. berghei-infected mice (Fig. 2j). Furthermore, the percentage of mice infected with P. yoelii was significantly reduced, and even no mice were infected with P. berghei following bites from mosquitoes that had fed on the infected mice pretreated with CL (Figs. 2k-l). 
Evidence has shown that monocytes frequency in peripheral blood was also upregulated upon P. falciparum infection24. So, monocytes from healthy adult peripheral blood were isolated, and then added into in vitro cultured P. falciparum gametocyte. The influence of human monocytes on the transmission of P. falciparum was evaluated by standard membrane feeding assay (SMFA). SMFA revealed that the addition of human monocytes significantly increased both the intensity and prevalence of P. falciparum infection (Fig. 2m). These results demonstrate that macrophages/monocytes, rather than neutrophils and NK/NKT cells, play a crucial role in facilitating both rodent and human malaria transmission. 
[bookmark: _Hlk222919005]Macrophages/monocytes promote malaria transmission by reducing microbiota abundance in mosquito midgut
The depletion of macrophages/monocytes has no significant effect on gametocyte generation in mice, indicating that macrophages/monocytes exert their function in mosquito to facilitate malaria transmission. A previous study showed that monocytes present in the mosquito midgut might phagocytose and kill developing gametes25. However, our findings indicate that the depletion of macrophages/monocytes does not promote, but rather inhibits, malaria transmission (Figs. 2e-m). Therefore, the impact of monocytes on malaria transmission is not due to their direct action on malaria parasites within the mosquito midgut.
Recent evidence suggests that microbiota in the mosquito midgut can modulate malaria transmission by directly killing the parasite or inducing anti-malarial immune responses in mosquitoes26. This raises the question of whether macrophages/monocytes influence the microbial composition of the mosquito midgut. We found that mosquitoes fed on CL-treated mice exhibited a higher abundance of microbiota at 1-, and 12-hours post-blood meal, by colony-forming units (CFUs) quantification assay (Figs. 3a-b) and 16S rDNA qPCR (Fig. 3c). As microbiota proliferation after the blood meal has been found to affect mosquito lifespan27, we tested whether the increased microbial abundance in mosquitoes feed on CL-treated mice would reduce their survival. As expected, mosquitoes that fed on CL-treated mice exhibited a significantly lower survival rate compared to those that fed on control mice (Fig. 3d). To further investigate the role of midgut microbiota in the enhanced parasite infection observed in mosquitoes feeding on CL-treated mice, we pretreated mosquitoes with antibiotics to eliminate their native microbiota. Subsequently, mosquitoes with or without microbiota were fed on either control or CL-treated mice. Following antibiotic-mediated clearance of the midgut microbiota, oocysts numbers were significantly higher than in control mosquitoes that did not receive antibiotic treatment—a finding consistent with previous study7. However, there was no significant difference in the number of oocysts or their prevalence between mosquitoes without microbiota, regardless of whether they were fed on the control or CL-treated mice (Fig. 3f). These findings suggest that macrophage/monocytes not only promote malaria transmission, but also enhance their longevity by reducing microbiota abundance in mosquito midgut. 
The depletion of macrophages/monocytes significantly increases the abundance of bacteria with transmission-blocking activity in mosquito midgut 
The composition of the gut microbiota plays a crucial role in malaria infection. So, which specific bacterial differences contribute to this phenomenon? To address this question, midguts were collected from mosquitoes fed on control and CL-treated mice, and 16S rDNA sequencing were performed and compared. The midgut microbiota composition of mosquitoes fed on the CL-treated mice differed significantly from mosquitoes fed on the control mice (Fig. 4a). Notably, the abundances of E. anophelis—the dominant species in our laboratory An. stephensi strain—as well as S. sonnei and K. oxytoca, were significantly higher in mosquitoes that fed on CL-treated mice compared to controls. The increased abundance of E. anophelis, S. sonnei, and K. oxytoca in mosquitoes that fed on CL-treated mice was confirmed by qPCR (Figs. 4b-d). However, no significant changes were observed for other bacteria, such as Dietzia natronolimnaea, Nesteren salmonea, and Asaia spathodeae, which were also verified by qPCR (Supplementary Figs. 4a-c). This prompted us to investigate whether macrophages/monocytes enhance malaria transmission by decreasing the abundance of E. anophelis, S. sonnei or K. oxytoca in the mosquito midgut. 
[bookmark: OLE_LINK4][bookmark: _Hlk194351375]The endogenous microbiota in mosquitoes was eliminated by antibiotic treatment. Following this, the mosquitoes were fed a sugar solution supplemented with isolated E. anophelis, or S. sonnei or K. oxytoca for their colonization in the midgut. After colonization, mosquitoes were fed on the infected mice pretreated with CL (Figs. 4e, Supplementary Fig. 4d-g). E. anophelis, or S. sonnei or K. oxytoca colonization significantly reduced both infection intensity and prevalence in mosquitoes, demonstrating their suppressive effect on parasite development. These effects were further enhanced in mosquitoes fed on CL-treated mice (Figs. 4f-g). We also investigated whether these bacteria impair parasite development in the mosquito midgut individually or synergistically. Mosquitoes were colonized with each of the three bacterial species individually or in combination and then allowed to feed on the infected mice. However, we did not observe an additive or synergistic effect in mosquitoes colonized with multiple bacterial species compared to those harboring a single bacterium (Fig. 4h). Therefore, we conclude that macrophages/monocytes contribute to malaria transmission by reducing the abundance of E. anophelis, as well as S. sonnei and K. oxytoca, in the mosquito midgut, but no synergistical inhibitory effect was found for those three bacteria in malaria transmission. Noticeably, there is difference between the gut microbiota of long-term laboratory-raised Anopheles mosquitoes and that of wild Anopheles mosquitoes. S. marcescens, a naturally occurring symbiotic bacterium found in field-caught mosquitoes, exhibits antimalarial activity in mosquito12. Consequently, we colonized the midguts of laboratory-reared Anopheles mosquitoes with this bacterium to evaluate whether CL treatment of infected mice could similarly influence malaria transmission. Consistent with our hypothesis, CL-treatment also significantly reduced both infection intensity and prevalence in S. marcescens-colonized mosquitoes (Figs. 4i, Supplementary Fig. 4h). These findings suggested that the enhancement of malaria transmission by macrophages/monocytes may extend beyond specific microbial communities, highlighting a broader ecological relevance.
 
[bookmark: OLE_LINK2][bookmark: _Hlk184827067]Macrophages/monocytes phagocytose microbiota in mosquito midgut dependent on SR-A
To investigate whether ingested macrophages/monocytes reduce midgut microbiota via phagocytosis, we first cleared the mosquito midgut microbiota with antibiotics and then colonized it with GFP-tagged E. anophelis. Mosquitoes were allowed to fed on P. yoelii-infected mice pre-treated with or without CL. Three hours post-feeding, midguts were dissected and analyzed by FACS to detect GFP-positive macrophages/monocytes. CL treatment significantly reduced the number of GFP-positive macrophages/monocytes (Fig. 5a). To distinguish between phagocytosed bacteria and surface-adherent GFP-tagged E. anophelis, extracellular bacteria were removed using antibiotic treatment as previously described28. Subsequent CFUs assays revealed that macrophages/monocytes from mosquitoes fed on CL-treated mice phagocytosed significantly fewer bacteria than those from control-fed mosquitoes (Fig. 5b). We also assessed the survival of macrophages/monocytes in the mosquito midgut by FACS. A high frequency of macrophages/monocytes was detected at 1 and 3 hours post–blood meal, but their numbers declined sharply by 12 hours and were nearly undetectable by 24 hours (Fig. 5c). These results indicate that macrophages/monocytes are present only transiently in the midgut and likely engage in active phagocytosis of midgut microbiota during the early phase following the blood meal.
Since microbiota in the mosquito midgut do not induce the generation of antibodies, their phagocytosis is unlikely to be mediated by opsonization through Fc receptors on macrophages/monocytes. Furthermore, in the absence of antibodies, the classical pathway cannot activate C3. However, host-derived C3 ingested into the mosquito midgut may be activated via the alternative pathway to generate C3b29. This suggests that macrophages/monocytes might phagocytose bacteria opsonized by C3b. Notably, the depletion of macrophages/monocytes in C3-/- mice treated with CL still reduces malaria transmission (Fig. 5d). Therefore, it appears that macrophages/monocytes phagocytose bacteria independent on complement. 
[bookmark: OLE_LINK5]SR-A is one of the non-opsonic receptors involved into the phagocytosis of bacteria by macrophages/monocytes30. The treatment of parasite-infected mice with 10 ug anti-SR-A could significantly reduce malaria transmission (Fig. 5e), and 50 μg anti-SR-A could even reduce malaria transmission to a level comparable to CL treatment (Fig. 5f). We also observed the persistent blocking effect of anti-SR-A. The infected mice were pre-treated with or without anti-SR-A at -1, or 1 day, then allowed to fed to mosquitoes. As a result, the neutralization of SR-A at 1 day before infection (5 days before the blood meal) did not affect the number of oocysts in the mosquito midgut but reduced oocyst prevalence. In contrast, the administration of anti-SR-A antibody at 1-day post-infection (3 days before the blood meal) achieved a level of transmission reduction comparable to that observed in the CL-treated group (Fig. 5g), suggesting that antibody-mediated neutralization of SR-A can suppress malaria transmission for at least three days. Taken together, our data suggest that SR-A was responsible for the non-opsonic phagocytosis of bacteria in mosquito midgut by macrophages/monocytes, thereby promoting malaria transmission.
 


[bookmark: _Hlk203495095]Anti-Pfs25 antibodies completely block malaria transmission in the presence of anti-SR-A antibodies
[bookmark: OLE_LINK17]Malaria transmission blocking vaccines are designed to induce antibody against surface proteins on sexual stages31. Pfs25, one of the leading transmission blocking vaccines, is thought to induce anti-Pfs25 antibodies to block the penetration of ookinetes through the midgut epithelium32,33. However, the regulation of the blocking efficacy of anti-Pfs25 antibodies is still largely unknown. Since monocyte/macrophage depletion suppressed natural malaria transmission by increasing transmission-blocking bacteria, we investigated whether it could also enhance the transmission-blocking efficacy of anti-Pfs25. Mice infected with P. berghei-pfs25 (Pfs25-transgenic P. berghei) were treated with or without CL and then administered anti-Pfs25 antibodies before mosquito feeding (Fig. 6a). While anti-Pfs25 antibodies alone significantly reduced transmission, complete blocking was achieved only when combined with CL-mediated monocyte/macrophage depletion (Figs. 6b-e). Furthermore, anti-Pfs25 antibodies also completely block the transmission of P. berghei-pfs25 in the presence of anti-SR-A antibodies (Figs. 6f-j). This effect was closely linked to the reduced burden of E. anophelis, S. sonnei and K. oxytoca in the midgut of mosquitoes feed on the infected mice pretreated with anti-SR-A antibodies (Figs. 6k-m). Therefore, we demonstrated that the transmission of P. berghei-pfs25 can be completely blocked by anti-Pfs25 antibodies following the inhibition of SR-A-mediated phagocytosis of transmission-blocking bacteria by macrophages/monocytes.
DISCUSSION
Female adult mosquitoes require blood meals for egg development. During this process, they also ingest parasites and vertebrate host-derived factors into their midgut. While some vertebrate host-derived factors have been shown to regulate malaria transmission34-39. The effects of immune cells on malaria transmission remain largely unexplored. In this study, we report that immune cells expanded due to malaria infection are ingested into the mosquito midgut during a blood meal. Notably, only macrophages/monocytes—not neutrophils, and NK/NKT cells—facilitate malaria transmission by reducing transmission-blocking microbiota. The phagocytosis of microbiota, including E. anophelis, S. sonnei and K. oxytoca, by macrophages/monocytes primarily dependent on SR-A, rather than the ingestion of malaria parasites, ultimately contributes to an increase in malaria transmission.
[bookmark: _Hlk194609374][bookmark: _Hlk194609793][bookmark: _Hlk194609404][bookmark: _Hlk194609427][bookmark: _Hlk218955959]The roles of immune cells have been investigated in the context of malaria transmission in the presence of immune serum20. CD4+ T cells activated by immunization with P. yoelii microgametes have been shown to inhibit malaria transmission by decreasing gametocytemia in the vertebrate host21. However, CD4+ T cells did not have a significant impact on malaria transmission following whole-killed blood-stage vaccination40. In vitro phagocytosis of gametes by macrophages/monocytes and neutrophiles was positively correlated with levels of antibodies against the gamete surface proteins Pfs230 and Pfs48/45, but solid evidence is still lack to support their roles in reduction of malaria transmission25. To our knowledge, this is the first report demonstrating that macrophages/monocytes that enter the midgut promote, rather than suppress, natural transmission of both rodent and human malaria by reducing transmission-blocking bacteria. In a controlled human malaria infection study, classical monocytes (CD14+CD16−) were significantly elevated in peripheral blood, whereas non-classical monocytes (CD14−CD16+) were reduced41. This change suggests potential clinical implications for monocyte-mediated facilitation of malaria transmission, as supported by our findings on the enhanced effect of human monocytes on P. falciparum infection in mosquitoes. However, direct evidence is still needed to determine whether neutralization of SR-A can reverse the pro-transmission effect of human monocytes. Such evidence is essential to support the extrapolation of our findings from rodent models to human malaria. Notably, anti-Pfs25 antibodies completely blocked malaria transmission after the depletion of macrophages/monocytes, underscoring the critical role these immune cells play in regulating transmission-blocking interventions. These observations suggest that macrophages/monocytes may diminish the efficacy of anti-Pfs25 antibodies by modulating the composition of midgut microbiota. We speculate that macrophages and monocytes actively phagocytose microbiota during early blood digestion, while ookinetes opsonized by anti-Pfs25 antibodies might evade phagocytosis through Fc receptors. This immune evasion likely occurs because macrophages/monocytes do not persist into the later stages of infection when anti-Pfs25 antibodies bind to ookinetes. However, an experiment designed to evaluate the impact of the deficiency of monocyte/macrophage Fc receptor on the transmission-blocking efficacy of anti-Pfs25 has yet to be conducted to test this hypothesis.
Both macrophages/monocytes and neutrophils can phagocytose bacteria, yet it is noteworthy that neutrophils in the midgut have little effect on malaria transmission. In addition to bacteria, both cell types are capable of phagocytosing gametes, but neutrophils demonstrate a greater capacity for this process compared to macrophages/monocytes25. Therefore, while neutrophils may facilitate the development of the malaria sexual stage by phagocytosing bacteria, their role in phagocytosing gametes could counterbalance this effect, potentially explaining why their absence does not significantly impact malaria transmission. 
[bookmark: OLE_LINK18]A previous study demonstrated that CL treatment could trigger systemic cytokine responses in mice at 7 days post-infection with P. yoelii 42. However, in our study, we did not evaluate the impact of CL treatment on cytokine dynamics. In addition, we identified SR-A as the primary phagocytic receptor mediating macrophage/monocyte uptake of gut microbiota, but the potential contributions from other receptors, such as CD36, DC-SIGN, and the mannose receptor could not be completely ruled out. We recognize these limitations in our study.
We identified E. anophelis as the dominant symbiotic bacterium in the midgut of insectary-reared Mosquitoes, consistent with prior reports43,44. This predominance may stem from E. anophelis secreting complement membrane attack complex-like factors that eliminate competing microbes45. Notably, E. anophelis has been shown to inhibit sexual-stage development of Plasmodium in mosquitoes46,47. Based on these findings, it is reasonable for us to find that macrophages/monocytes could inadvertently promote malaria transmission by phagocytosing E. anophelis. Intriguingly, we also observed similar enhancement of transmission when macrophages/monocytes phagocytosed S. sonnei or K. oxytoca, both of which significantly inhibit malaria development in mosquitoes. However, the mechanisms underlying S. sonnei and K. oxytoca effects—whether through direct parasite killing or immune modulation—require further investigation. 
In summary, we have uncovered a novel immune evasion strategy employed by malaria parasites, wherein they exploit host peripheral blood macrophages/monocytes to enhance transmission via SR-A-dependent phagocytosis of bacteria with transmission-blocking activity. Strikingly, depletion of these immune cells enabled anti-Pfs25 antibodies to achieve complete transmission blockade. These findings not only reveal a novel strategy for transmission-blocking interventions, but also elucidate mechanistic insights that could significantly enhance the efficacy of next-generation malaria vaccines. Furthermore, this discovery may inform our understanding of transmission mechanisms in other vector-borne diseases.

Methods
Ethics Statement
Human blood was collected from healthy donors who provided written informed consent at Southwest Hospital of Army Medical University. Anonymous human blood and serum used for P. falciparum culture were obtained from the Chongqing Blood Bank. The in vitro culture of P. falciparum and subsequent infection of mosquitoes with the parasite were conducted in BSL-2+ laboratories, with oversight and approval from the Ethics Committee of the Army Medical University Institute of Medical Research (KY2025153).
Mosquito, parasites, and mice
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]An. stephensi (Hori strain) were maintained were reared and maintained under standard laboratory conditions at 27°C with 75% RH (relative humidity) on a 12-hour light-dark cycle. Rodent malaria parasites P. yoelii, P. berghei, P. berghei-pfs25 transgenic parasites (kindly donated from Xiamen University by professor Jian Li) and the P. falciparum NF54 strain (kindly donated from Chinese Academy of Sciences by professor Lubin Jiang) were used in this study. Female C57BL/6J mice, aged 6-8 weeks, were obtained from GemPharmat Animal Institute (Nanjing, China). C3−/− mice with C57BL/6J background were purchased from Jackson Laboratory. The mice were housed in a controlled environment with regulated temperature and humidity and maintained on a 12-hour light/dark cycle, with lights off at 18:00 hours. All animal procedures were reviewed and approved by the Animal Ethics Committee of the Army Medical University Institute of Medical Research under protocol number AMUWEC20218022.
Mice infection
C57BL/6J mice female mice aged at 6-8 weeks were intravenously (i.v) injected with 1 × 106 (4 × 106 for P. berghei-pfs25) P. yoelii, P. berghei or P. berghei-pfs25 parasitized red blood cells (pRBCs). Parasitemia and gametocytemia were checked before fed to mosquitos by examining Giemsa-stained blood films under a light microscope.
Mosquito infection
[bookmark: OLE_LINK37][bookmark: OLE_LINK36]An. stephensi were deprived of sugar meal for 24 hours, then allowed to feed on P. yoelii-infected mice for 30 min. Not fully engorged mosquitoes were removed. Mosquitoes were maintained at 23-24 °C environment, with 70 % RH. At 7 days (P. yoelii oocysts), 9 days (P. berghei oocysts) or 18 days (P. yoelii and P. berghei salivary gland sporozoites) post infection, mosquitoes were dissected, and oocysts and salivary gland sporozoites were counted, respectively.
Flow cytometry analysis
Peripheral blood of mice infected with P. yoelii or P. berghei was collected from orbital vein and RBCs were lysis by Gey’s solution. Sample collected from mosquito midgut were gently homogenate with RPMI-1640 (Gibco, USA), by 1 ml pipette to release blood from its midgut, then RBCs were lysis by Gey’s solution after filter with a 70-micron mesh sieve. Then cells were incubated with anti-CD16/CD32 antibodies (Biolegend, USA) for 10 min to block Fc receptors and then incubated with the antibodies of interest for 45 minutes. Antibodies used for flow cytometry analysis were as followed: anti-CD11b, anti-Ly6G, anti-MHC II, anti-CD3a, anti-CD4, anti-CD19, anti- CD8a, anti-CD3, and anti-NK1.1. Dead cells were excluded using LIVE/DEAD Fixable Dead Cell Stain Kit (Invitrogen, USA) according to the manufacturer’s instructions. Cells were collected on a BD FACS Canto II cytometer (BD Biosciences, USA) and analyzed by Flow Jo software v10.8.
Depletion of macrophages, NK/NK T cells, and neutrophils.
After infected with parasites for three days, mice were i.v injected with 200 μl CL (Liposoma, Netherlands), 200 μg anti-NK1.1 (Bio X Cell, USA) or 200 μg anti-Ly6G ((Bio X Cell, USA) mono-antibody to deplete macrophages, NK/NKT cells, and neutrophils, respectively. The depletion efficacy was monitored by FACS analysis.
In vitro culture of ookinetes
After mice were infected with P. yoelii or P. berghei for 3 d, mice were i.v injected with 200 μl CL or control liposomes, 24 h later blood was collected from orbit and immediately added to the ookinete culture medium which contains: RPMI-1640 (Gibco, USA), 10% fetal calf serum (Gibco, USA), 100 μM xanthurenic acid (MedChemExpress, USA), 25 mM Hepes (Sigma, USA); pH 8.0, 100 μg/ml streptomycin (Sangon, China), 100 U/ml penicillin (Sangon, China). The gametocytes were cultured at 19°C (for P. berghei) 23 °C (for P. yoelii) for 24 hours to allow gametogenesis, fertilization, and ookinete differentiation. The generated ookinetes were calculated per 1000 RBCs in Giemsa-staining thin blood smears based on morphology, at least 50 field were counted for each sample.
Detection of bacteria load in mosquito midgut.
Colony forming unites (CFUs) assay were used to detect the bacteria load of mosquito’s midgut. Briefly, Mosquitoes were sterilization by spray 75 % ethyl alcohol, then washed three times with sterile PBS. Midguts were dissected under sterile conditions and homogenized. The homogenate was then diluted 10-fold and cultured on LB medium at 28 °C for 24 hours. CFUs was calculated by the following equation:

Antibiotics treatment of mosquitoes
Three days old female mosquitoes were fed with 10 % sugar solution supplement with 10 U/ml penicillin (Sangon, China), 15 μg/ml streptomycin (Sangon, China), and 15 μg/ml gentamicin (Gibco, USA). Four days later, the bactericidal efficacy of antibiotics was accessed by CFUs method.
Detection of bacterial phagocytosis by macrophages/monocytes.
Method was midfield from described before28. Mice were infected with P. yoelii or for 3 days, followed by i.v injection of 200 µl of CL or control liposomes. Twenty-four hours post-injection, mosquitoes were allowed to feed on the mice for 30 minutes. One hour after blood feeding, midguts were dissected, homogenized in 1 ml of PBS, and centrifuged (14,000 g, 5 min) to pellet bacteria and blood cells. The pellet was resuspended in 1 ml of PBS containing 100 U/ml penicillin, 100 µg/ml streptomycin, and 10 µg/ml gentamicin to eliminate extracellular bacteria. After 3 hours of incubation, the homogenate was centrifuged (14,000 g, 5 min) and washed twice with sterile PBS to remove antibiotics. Macrophages and monocytes were lysed with 0.1% Triton X-100 (Sigma, USA) to release intracellular bacteria. Lysates were plated on LB agar, and bacterial CFUs were quantified after 24 hours of incubation at 37°C.
P. falciparum culture and mosquito infection
The P. falciparum NF54 strain was used to culture mature gametocytes, as described previously48. Matured gametocytes were diluted to 0.5% by adding fresh RBC, then resuspended with equal volume of O+ serum and fed to mosquitoes by SMFA. To investigate the influence of human-derived monocytes on P. falciparum infection of mosquitoes, peripheral blood was collected from health individual, and mononuclear cells were isolated by Percoll method. Monocytes were then purified by Dynabeads™ Untouched™ Human Monocytes kit (Invitrogen, USA) according to the manufacture’s instruction. Isolated monocytes (5×105/ml) were added to in vitro cultured mature P. falciparum gametocytes. Nine days post blood meal, midguts of mosquitoes were dissected and oocysts number was counted after stained with 0.1% mercurochrome (MedChemExpress, USA) for 10 min. 
Mosquito bite challenge
Mice infected with P. yoelii or P. berghei for 3 days were treated with CL or control liposomes, and then were allowed to fed to mosquitoes. Eighteen days later, 5 infected mosquitoes were fed on naïve mice, fully engorged mosquito based on its abdomen was considered as a successful bite. Three days post mosquitoes’ bites, Giemsa-stained blood smears were made daily to check the on-set of blood stage infection for 12 days.
DNA Extraction and 16S rRNA Gene Amplicon Sequencing
Mosquitoes were surface-sterilized with 75% ethanol for 5 minutes and rinsed three times with sterile 1× PBS. Midguts were dissected aseptically, pooled into groups of 20 midguts per biological replicate, and homogenized. Total bacterial genomic DNA was isolated using the DNeasy PowerFecal Pro DNA Kit (QIAGEN, USA) according to the manufacturer’s protocol. DNA purity and concentration were determined spectrophotometrically (NanoDrop One, Thermo Fisher Scientific, USA) by measuring absorbance ratios at 260/280 nm and 260/230 nm. The hypervariable V3–V4 region of the bacterial 16S rRNA gene was amplified using universal primers flanked by Illumina adapter and sample-specific barcode sequences. Primary PCR products were purified with VAHTS™ DNA Clean Beads (Vazyme Biotech, China), and libraries were quantified fluorometrically using the Quant-iT™ dsDNA High-Sensitivity Assay Kit (Thermo Fisher Scientific, USA). Equimolar amounts of purified amplicons were pooled and subjected to paired-end sequencing (2 × 250 bp) on the Illumina NovaSeq 6000 platform (Illumina, USA). Absolute abundance was calculated by times the relative change of CFUs between Control and CL-treated group.
Quantitative real-time PCR (qPCR)
To quantify the bacterial load, total DNA was extracted from mosquitoes that had fed on P. yoelii-infected mice treated with CL or control liposomes, using the DNeasy PowerFecal Pro DNA Kit (QIAGEN, USA) according to the manufacturer’s protocol. One hundred nanograms of DNA per sample were used as the template for qPCR to detect total and specific bacterial loads. For quantify SOAP and WARP expression of ookinetes, RNA from mosquito midgut was extracted 12 h post blood meal, cDNA was obtained by using revers transcription kit (Takara Bio Inc., Japan) following the manufacture’s protocol. Amplifications were performed with TB Green® Premix Ex Taq™ II (Takara Bio Inc., Japan) on a CFX96 Real-Time PCR Detection System (Bio-Rad, USA). All reactions included no-template controls to rule out contamination. Relative quantification was performed using the mosquito ribosomal protein S7 (S7) gene as an endogenous control. Data are expressed as fold-changes normalized to S7. Primers used in this study were listed in Supplemental Table 1. 
Mosquito survival assay
Mice were infected with P. yoelii, three days later mice were i.v injected with 200 μl CL or control liposomes, 24 hours later, mosquitoes were allowed to fed on mice for 30 mins. Not fully engorged mosquitoes were removed. Mosquitoes were maintained at 23-24 °C environment, with 70 % RH. Survival condition was record daily for 7 days.
Bacteria isolation and identification
Midguts were dissected, homogenized, and serially diluted (10-fold) on LB agar for 28°C/24-h culture. Colonies underwent morphology-based classification (shape/color/size). Bacterial 16S rDNA was amplified via PCR (universal primers), purified, and sequenced (ABI 3730, USA). Sequences were BLAST-aligned against GenBank for identification.
Colonization of bacteria in mosquito midgut
After clearing the symbiont bacteria in the midgut with antibiotics, mosquitoes were fed a sugar solution containing 1 × 106/mL isolated E. anopheles, S. sonnei, K. oxytoca, or S. maecescens (kindly donated from Chinese Academy of Sciences by professor Sibao Wang) for 2 days to colonize E. anophelis into mosquito midgut. A successful colonization was confirmed by qPCR (See S table 1 for primer information) or using fluorescence microscope (for eGFP-E. anophelis) as previously described47.
Neutralization of SR-A receptor
Three days after P. yoelii infection, mice were i.v injected with 10, or 50 μg neutralizing anti-SR-A monoclonal antibody (R & D, USA). Twenty hours later, mice were fed to mosquitoes. To observe the longevity of SR-A blocking effect, the infected mice were pre-treated with 50 μg anti-SR-A at 1 day before infection, or 1 day post infection, and treated with CL 3 days post infection, 7 days post blood meal, oocysts number in mosquitoes were counted and compared. 
Anti-Pfs25 transmission blocking assay
[bookmark: OLE_LINK51][bookmark: _Hlk204098328][bookmark: OLE_LINK53][bookmark: OLE_LINK54]Anti-Pfs25 antibody was customized by GenScript (Shanghai, China) as previously described47. To evaluate the ability of anti-Pfs25 antibody to block P. berghei-pfs25 transmission, mice were i.v injected with 4 × 106 P. berghei-pfs25 pRBCs; Three days later, mice were i.v injected with 200 μl CL, 24 hours later, 20 μg of anti-Pfs25 antibody was i.v injected 1 hour before mosquito feeding. To determine the enchantment of anti-Pfs25 antibody block P. berghei-pfs25 transmission efficacy in the present of anti-SR-A, mice were i.v injected with 4 × 106 P. berghei-pfs25 pRBCs; Three days later, mice were i.v injected with 50 μg anti-SR-A, 24 hours later, 20 μg of anti-Pfs25 antibody was i.v injected 1 hour before mosquito feeding. Nine days later, mosquitoes were dissected, and the oocysts were counted and compared. Transmission reduction activity (TRA) and transmission blocking activity (TRB) were calculated based on oocysts intensity and prevalence by following formula:


Statistics analysis
Analyses were performed using GraphPad Prism 10.0 (GraphPad Software, USA) and R studio (version, 2024.12.1+563). Differences of oocyst number between treatment and control groups were analyzed using the (Generalized Linear Mixed Models) GLMMs test. Specifically, if overdispersion is detected, a negative binomial regression was employed. Subsequently, the DHARMa package was used to test for zero inflation; if present, a zero-inflated model was applied for the final analysis. Fisher’s exact test (two-sided) was applied to compare infection rates. Kaplan-Meier test was used for comparing the ability of infected mosquito to transmit malaria and mosquito survival rate. Pooled data sets were determined by unpaired t-test (two-tailed). Specific analysis methods were detailed in each figure legend. Number between each group represent the P value, P<0.05 was consider as statistically significant.
Data availability
The 16S rDNA sequence data generated in this study have been deposited in the National Center of Biotechnology Information Sequence Read Archive database under accession code PRJNA1209247 [PRJNA1209247 - SRA - NCBI].
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Figure Legends
Fig. 1 | Malaria infection primarily expands innate immune cells in peripheral blood of mice. a Representative FACS image of innate immune cells (upper panel, red square), including macrophages, monocytes, NK/NKT cells, DCs and neutrophils, and adaptive immune cells (lower panel, blue square), such as CD4+ T, CD8+ T and B cells, in peripheral blood at 4 days post P. yoelii or P. berghei infection. b-i Statistically analysis of the percentage of neutrophils (b), monocytes (c), macrophages (d), DC cells (e), NK/NKT cells (f), CD4+ T cells (g), CD8+ T cells (h), and B cells (i) in peripheral blood of mice (n=9) 4 days post P. yoelii or P. berghei infection. Three independent experiments were performed for each experiment and the data were pooled. The data were represented as the mean ± SD. Source data are provided as a Source Data file. Significance was determined by unpaired t-test (two-tailed). Number between each group represented the P value, P<0.05 was considered as statistically significant.
Fig. 2 | Macrophages/monocytes, but not neutrophils and NK/NKT cells, significantly promote malaria transmission. a The percentage of neutrophils, monocytes, macrophages, DCs, and NK/NKT cells in the midguts of mosquitoes (n=9) 3 hours post-feeding on P. yoelii-infected mice was analyzed using FACS. Twenty midguts were pooled to create one sample, and each has three biological replicates. b Experimental scheme. Mice were treated with or without anti-Ly6G, anti-NK1.1, or CL at 3 days after infection with P. yoelii. Twenty-four hours later, mice were fed to mosquitoes. c-d Mice were treated with or without anti-Ly6G (c), or anti-NK1.1 (d) at 3 days after infection with P. yoelii. Twenty-four hours later, these mice were fed to mosquitoes and 7 days later oocysts number were counted. Both infection intensity and prevalence were calculated and compared. e-j Mice were treated with or without CL at 3 days after infection with P. yoelii (e-g, i) or P. berghei (h, j). Twenty-four hours later, mice were fed to mosquitoes. The relative expression of ookinete specific genes (n=9), including SOAP (e) and WARP (f), to the internal control S7 were detected by qPCR in mosquitoes at 12 h post-feeding on CL-treated and control mice. Twenty mosquitoes constitute one sample, and three biological replicates were performed. Both the oocyst infection intensity and prevalence of P. yoelii (g) and P. berghei (h) at 7- or 9-days post-blood meal was compared, respectively. The individual dot represents oocysts number per mosquito, with a line indicating median. The infection intensity and prevalence of P. yoelii (i) or P. berghei (j) sporozoites in the salivary gland of mosquitoes (n=15) was counted and compared at 18 days post blood meal. Ten salivary glands constitute one sample, and five biological replicates were performed. k-l At 18 days post-feeding on P. yoelii- or P. berghei-infected mice (treated with or without CL), 5 mosquitoes were allowed to fed on naïve mice, and the onset of blood stage infection were monitored daily for 12 days. The onset of the blood stage of P. yoelii (k) or P. berghei (l) in mice (n=15) was monitored, after infection by the bite of mosquitoes that fed on P. yoelii- or P. berghei-infected mice (treated with or without CL). m The infection intensity and prevalence of P. falciparum in mosquitoes that fed on P. falciparum infected RBCs (red blood cells) with or without monocytes isolated from human peripheral blood. The individual dot in panels of (c-d, g-h, and m) represents oocysts number per mosquito, with a line indicating the median, and the pie chart under each scatter chart indicates the sample size and prevalence in each group. Three independent experiments were performed for each experiment and the data were pooled. The data in panels (a, e-f, and i-j) was presented as mean ± SD. Source data are provided as a Source Data file. Significance was determined by GLMMs test (two-sided) for (c-d, g-h, and m); Unpaired t test (two-sided) for (e-f, and i-j), Kaplan-Meier analysis was applied for (k-l), and Fisher’s exact test (two-sided) was applied for prevalence analysis. Number between each group represent the P value, P<0.05 was consider as statistically significant.
Fig. 3 | Macrophages/monocytes promote malaria transmission by reducing microbiota abundance in the mosquito midgut. a-b CFUs were counted in the midguts of mosquitoes (n=15) at 1 and 12 hours after feeding on control or CL-treated mice. Ten mosquito midguts were pooled as one biological replicate and five biological replicates were performed. c Total bacteria load in midguts of mosquitoes (n=9) at 12 h post-feeding on control or CL-treated mice were detected by qPCR. Twenty mosquitoes were pooled as one biological replicate and three biological replicates were performed. d The survival rate of mosquito (n=90) feed on the P. yoelii-infected mice pre-treated with or without CL. e The bacterial burden in midguts of mosquitoes (n=9) was determined by CFUs after treated with antibiotics. Ten mosquitoes were pooled as one biological replicate and each group has three biological replicates. f After treatment with or without antibiotics, mosquitoes were fed on infected mice pre-treated with or without CL. Seven days later, the infection intensity and prevalence of mosquitoes were determined and compared. Three independent experiments were performed for each experiment and the data were pooled. The data in panels of (a-c, and e) were presented as mean ± SD. The individual dot in panel f represents oocysts number per mosquito, with a line indicating median, and the pie chart under each scatter chart indicates the sample size and prevalence in each group. Source data are provided as a Source Data file. Significance was determined by unpaired t-test (two-tailed) for (a-c, and e); Kaplan-Meier analysis was applied for (d); GLMMs test (two-sided) for (f), prevalence was analyzed by Fisher’s exact test (two-sided). Number between each group represent the P value, P<0.05 was consider as statistically significant.
Fig. 4 | The depletion of macrophages/monocytes significantly increases the bacteria with transmission-blocking activity in mosquito midgut. a The relative and absolute abundance of microbiota in midgut of mosquitoes at 12 hours post-feeding on P. yoelii infected mice pre-treated with CL or control liposomes. b-d The relative expression of E. anophelis, or S. sonnei and K. oxytoca in midgut of mosquitoes (n=9) were detected by qPCR at 12 hours post-feeding on infected mice pre-treated with or without CL or control liposomes. Twenty mosquitoes were pooled as one biological replicate and three biological replicates were performed. e A schematic representation of the experiment. Mosquito midgut microbiota was removed by antibiotics, then colonized with E. anophelis, S. sonnei, K. oxytoca or S. marcescens before fed with P. yoelii infected mice, oocysts number were counted and compared at 7 days post infection. f-g After colonization with E. anophelis (f), S. sonnei (g) and K. oxytoca (g), mosquitoes were fed on P. yoelii infected mice pretreated with or without CL. Seven days later, the infection intensity and prevalence of mosquitoes were determined. h After colonization with E. anophelis, S. sonnei, or K. oxytoca, individually or together, mosquitoes were fed on the P. yoelii-infected mice. Seven days later, the infection intensity and prevalence of mosquitoes were determined. i After colonization with S. marcescens, mosquitoes were fed on the P. yoelii-infected mice pretreated with or without CL. Seven days later, the infection intensity and prevalence of mosquitoes were determined. Three independent experiments were performed for experiments from b to i and the data were pooled. The data in panels of (b-d) were presented as mean ± SD. The individual dot in panels of (f-i) represents oocysts number per mosquito, with a line indicating the median, and the pie chart under each scatter chart indicates the sample size and prevalence in each group. Source data are provided as a Source Data file. Significance was determined by unpaired t-test (two-tailed) (b-d), GLMMs (two-sided) test for (f-i), and Fisher’s exact test (two-sided) was applied for prevalence analysis. Triple: Mosquito was colonized with Ea, Ss, and Ko at the same time; Number between each group represent the P value, P<0.05 was consider as statistically significant.
Fig. 5 | Macrophages/monocytes phagocytose microbiota in mosquito midgut dependent on SR-A. a Mosquito midgut microbiota was removed by antibiotics and colonized with GFP-tagged-E. anophelis. Mosquitoes were allowed to fed on P. yoelii-infected mice treat with or without CL. Three hours post blood meal mosquito midgut was dissected and FACS were used to detected GFP+ macrophages and monocytes (n=9). Ten mosquitoes were pooled as one biological replicate and three biological replicates were performed. b Three hours after mosquitoes fed on P. yoelii-infected mice pre-treated with CL or control liposomes, midguts were dissected and homogenized. The homogenate was incubated with antibiotics to eliminate extracellular bacteria, and then intracellular bacteria was released after lysis of macrophages/monocytes by Triton X. The released bacteria were cultured on LB agar plates for 24 hours, and CFUs (n=15) in each group was counted and compared. Ten mosquitoes were pooled as one biological replicate and five biological replicates were performed. The right panel was the representative image of monocyte/macrophage phagocytosing bacteria in mosquito midgut at 3 hours post blood meal, stained with Giemsa solution, scale bar: 5 μm. c The number of live macrophages/monocytes number at different time points in mosquito midgut (n=12) detected by FACS. d The infection intensity and prevalence of mosquitoes fed on infected C3-/- mice pretreated with or without CL. e-f The infection intensity and prevalence of mosquitoes fed on infected mice pretreated with or without CL, or 10 μg (e) or 50 μg anti-SR-A (f). g The infected mice were pre-treated with 50 μg anti-SR-A at 1 day before, or 1 day post infection, or treated with CL at 3 days post infection, then mice were fed to mosquitoes. 7 days post blood meal, oocysts number in mosquitoes was counted and compared. Three independent experiments were performed for each experiment and the data were pooled. Data in a-c were presented as mean ± SD. In panels of (d-g), the individual dot represents oocysts number per mosquito, with a line indicating the median, and the pie chart under each scatter chart indicates the sample size and prevalence in each group. Source data are provided as a Source Data file. Significance was determined by unpaired t-test (two-tailed) for (a-b), GLMMs (two-sided) test for (d-h), and Fisher’s exact test (two-sided) was applied for prevalence analysis. Number between each group represent the P value, P<0.05 was consider as statistically significant.
Fig. 6 | Anti-Pfs25 antibodies completely block malaria transmission in the presence of anti-SR-A antibodies. a Experimental design. After mice were infected with P. berghei-pfs25 transgenic parasites for 3 days, mice were treated with or without CL, and injected with anti-Pfs25 antibodies one hour before fed to mosquitoes. Oocysts number of mosquitoes were counted 9 days post-blood meal. b-e After pretreated with or without CL, the P. berghei-pfs25-infected mice were then inoculated with anti-Pfs25, both the infection intensity (b) and prevalence (c) of mosquitoes, as well as the transmission reduction activity (d) and transmission blocking activity (e) were calculated. f Experimental design. After mice were infected with P. berghei-pfs25 transgenic parasites for 3 days, mice were treated with or without anti-SR-A, and injected with anti-Pfs25 antibodies one hour before fed to mosquitoes. Oocysts number of mosquitoes were counted 9 days post-blood meal. g-h After pretreated with or without anti-SR-A, the P. berghei-pfs25-infected mice were then inoculated with anti-Pfs25, both the infection intensity (g) and prevalence (h) of mosquitoes, as well as the transmission reduction activity (i) and transmission blocking activity (j) were calculated based on infection intensity and prevalence. k-m The relative expression of E. anophelis, or S. sonnei and K. oxytoca in midgut of mosquitoes were detected by qPCR at 12 hours post-feeding on infected mice pre-treated with anti-SR-A, anti-Pfs25 or both. Twenty mosquitoes were pooled as one biological replicate and three biological replicates were performed. The individual dot in panels of (b, and g) represents oocysts number per mosquito, with a line indicating the median, and the pie chart under each scatter chart indicates the sample size and prevalence in each group. Data were presented as mean ± SD (k-m). Three independent experiments were performed for each experiment and the data were pooled. Source data are provided as a Source Data file. Significance was determined by GLMMs (two-sided) test for (b and g), and Fisher’s exact test (two-sided) was applied for (c and h); unpaired t-test (two-tailed) was applied for (k-m). Number between each group represent the P value, P<0.05 was consider as statistically significant.

