Evaluation of pertussis immunogenicity via novel microneedle vaccination: a preclinical study
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Introduction. Microneedles enable precise, painless vaccine delivery into the dermis rich in antigen-presenting cells, but their safety and efficacy require systematic evaluation before clinical use.
Aims. To evaluate the safety and efficacy of indigenously developed microneedles by delivering standard and reduced pentavalent vaccine doses via MN, ID, and IM routes and to compare anti pertussis immune kinetics and anamnestic responses.

Methods. Novel hollow microneedle (750 µm, 200 µm bore) delivered standard (0.2 ml) and reduced (0.1 ml) pentavalent vaccine containing Bordetella pertussis (whole-cell, killed; 4 IU) doses in BALB/c mice (aged 6–8 weeks, 20–25 g). Immunogenicity against pertussis was compared across microneedle [MN1 (0.2 ml), MN2 (0.1 ml)], intradermal [ID1 (0.2 ml), ID2 (0.1 ml)], and intramuscular (IM 0.2 ml) groups by evaluating antibody kinetics (days 0, 7, 14, and 28), anamnestic response was evaluated on day 84 (post-booster) and day 112, and splenic T/B cell profiling (day 7) using ELISA and flow cytometry. Pain was assessed in all groups using the mouse grimace scale [1].

Results Microneedle (MN) injections were well-tolerated, producing the lowest pain score [MN1: 0.26, MN2: 0.21] compared to IM (1.82), ID1 (1.46) and ID2 (1.35). MN1 vaccination achieved anti-pertussis IgG titers comparable to IM (day 28: 71.1 vs 75.0 ng/ml, p=0.99; day 112: 252.9 vs 277.1 ng/ml, p=0.12) and significantly higher than ID1 (p<0.05). Reduced-dose MN2 elicited higher titers than ID2 (day 28: 25.4 vs 16.4 ng/ml, p=0.90; day 112: 111 vs 85.2 ng/ml, p=0.07) but remained significantly lower than the standard dose. T/B cell responses were higher in MN groups but not statistically significant. Overall, MN delivery is statistically equivalent to IM, superior to ID, and less painful.

Discussion. The data confirm that intradermal injection through microneedles is safe and efficacious, paving the way for clinical studies in human subjects.
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