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Abstract: [Objective] The aim of this study is to screen an ideal adjuvant for an inactivated porcine
deltacoronavirus (PDCoV) vaccine to induce mucosal immunity and reduce the side effect of the
vaccine. We used different mucosal adjuvants to prepare the inactivated PDCoV vaccines. We then
used mouse model to evaluate the humoral, cellular and mucosal immune responses induced by the
inactivated vaccines via different immunization routes. [Methods] The adjuvants IMS1313 and GEL02
were respectively combined with polyactin A (PA), CpG ODN2395, and monophosphoryl lipid A
(MPLA) to prepare the inactivated PDCoV vaccines, which were then used to immunize BALB/c mice
intranasally. The inactivated PDCoV vaccine prepared with ISA201 adjuvant was used to immunize
BALB/c mice subcutaneously. The inactivated PDCoV vaccine without adjuvant was used as a control
to immunize BALB/c mice intranasally. The mice were immunized once again at the same doses in the
same ways 14 days post the primary immunization. Enzyme-linked immunosorbent assay (ELISA) was
employed to determine the expression levels of IgG, IgGl, IgG2a, IL-4, and IFN-y in serum and
bronchial lavage fluid (BALF) samples, as well as the levels of sIgA in feces and BALF samples.
Methyl thiazolyl tetrazolium (MTT) assay was used to detect the proliferation of spleen lymphocytes.
We observed and recorded the clinical manifestations of immunized mice. Meanwhile, we observed the
pathological changes of major organs and tissues of immunized mice via hematoxylin-eosin (HE)
staining to evaluate the safety of the vaccines. [Results] The ISA201 group had high expression levels
of antibodies (IgG and IgG1) and IL-4 in BALF and serum and low expression levels of IgG2a, IFN-y,
and slgA in feces. GEL02, GEL02+2395, GEL02+PA, and GEL02+MPLA groups showed higher
expression levels of antibodies (IgG, IgG1, and IgG2a), IL-4, and IFN-y in BALF and serum and higher
expression level of sIgA in feces than IMS1313, IMS131342395, IMS1313+PA, and IMS1313+MPLA
groups. In particularly, the expression levels of IgG2a in BALF and serum samples and IFN-y and sIgA
in BALF and feces samples of GEL02+2395 group were significantly higher than those of other groups.
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The vaccines prepared with the adjuvant combinations GEL02+2395 and IMS1313+2395 promoted T

lymphocyte proliferation. No obvious pathological changes were observed in the main organs and

tissues of mice. The mice immunized with the vaccines prepared with the adjuvants GEL02 and
GEL02+2395 had the mildest adverse reactions. [Conclusion] The inactivated PDCoV vaccine
prepared with GEL02 and CpG ODN2395 can not only enhance the humoral immunity but also improve

the cellular immunity and mucosal immunity in mice, which provides basic information for the research

and development of novel mucosal adjuvants for PDCoV vaccines.
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Figure 1 Detection of antibodies in the BALF of the immunized mice by ELISA. Levels of IgG (A), IgG1
(B), IgG2a (C) and sIgA (D) in BALF; *: significant compared with control group (P<0.05); **: very
significant compared with control group (P<0.01); ***: extremely significant compared with control group
(P<0.001); #: significant compared with other groups (P<0.05).
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Figure 2 Detection of IgG, IgG1, IgG2a in the sera and sIgA in the feces of the immunized mice by ELISA.
Levels of IgG (A), IgG1 (B) and IgG2a (C) in sera; D: levels of sIgA in feces; *: significant compared with
control group (P<0.05); **: very significant compared with control group (P<0.01); #: significant compared

with other groups (P<0.05).
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Figure 3 Detection of cytokine expression in the

BALF of the immunized mice by ELISA. Levels of IL-4

(A) and IFN-y (B) in BALF; *: significant compared with control group (P<0.05); **: very significant
compared with control group (P<0.01); #: significant compared with other groups (P<0.05).
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Figure 4 Detection of cytokine expression in the sera of the immunized mice by ELISA. Levels of IL-4 (A)
and IFN-y (B) in sera; *: significant compared with control group (P<0.05); **: very significant compared with
control group (P<0.01); #: significant compared with other groups (P<0.05).
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Figure 5 Proliferation level of the splenocytes in the immune mice. *: significant compared with control
group (P<0.05); **: very significant compared with control group (P<0.01).
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Wi/, BEVPARRMERIXT PDCoV Syl MIE, Hoib IgG2a WAL KM Thl A4 Gy
2B R RS ERE AR, T IgGl W RUER#T Th2

1gG K RIE M B BCR R S bR, BRI S & IR E AR AR, R, St
18 1gG W HY A Fak AN S i & 25 Ry Kl 1gG L 1gGl. 1gG2a /KF-Ay484k, AT LA al4E

F1 IMETEENIRZEMRIEER

Table 1 Safety assessment of vaccines with 9 different adjuvants on mice

Vaccines types ~ Numbers Depression Anorexia Diarrhea Emesis Ur}kempty Inflammation Vac'cme Deaths Pathology Score
skin hair residue

ISA201 20 15 15 0 0 12 7 3 0 0 52
IMS1313 20 6 6 0 0 8 0 0 0 0 20
IMS1313+PA 20 10 10 0 0 12 0 0 0 0 32
IMS13134+2395 20 6 6 0 0 10 0 0 0 0 22
IMS1313+MPLA 20 8 8 0 0 10 0 0 0 0 26
GELO02 20 2 2 0 0 6 0 0 0 0 10
GEL02+PA 20 8 8 0 0 10 0 0 0 0 26
GEL02+2395 20 2 2 0 0 6 0 0 0 0 10
GEL02+MPLA 20 6 6 0 0 8 0 0 0 0 20
Control 20 0 0 0 0 0 0 0 0 0

One point for mild, 2 for moderate, 3 for severe or death which was given to each mouse with the symptoms of side effects.

Bl 6 GEL02+2395 AR RANREZHLFEF T (200%)

Figure 6 The main histopathological changes of GEL02+2395 group and control group. A—G: the heart,
liver, spleen, lung, kidney, jejunum and ileum of the mice in the adjuvant-free vaccination group; a—g: the
heart, liver, spleen, lung, kidney, jejunum and ileum of the mice in the GEL02+2395 adjuvant vaccine group.
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