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TLRNo.1 TLRNo. TLRNo. TLRNo. Synergy Animal model Disease model Authors
2

3 4 assessment
TLR1/2 TLRY TLR7/8 N/A Yes Swine Enzootic pneumonia (70)
TLR1/2 TLRY TLR7/8 N/A Yes Swine Porcine respiratory syndrome (38)
TLR4 TLR 21 TLR3 N/A No Chicken Mareks disease 92)
TLR21 TLR3 TLR 2/4 N/A No Chicken Avian influenz (108)
TLR1/2 TLR7/8 TLRY N/A No Swine Porcine respiratory syndrome (78)
TLR1/2 TLR 7/8 TLR9 N/A No Swine Porcine respiratory syndrome 79
TLR1/2 TLR7/8 TLRY N/A No Swine Porcine respiratory syndrome @7
TLR2 TLR7 N/A N/A Yes Swine Porcine respiratory syndrome (99)
TLR7/8 TLRS5 N/A N/A No Non-human primates Influenza (81)
TLR3 TLR4 N/A N/A No Non-human primates HIV (88)
TLR2 TLR4 TLR7 TLR 21 No Chicken Avian influenza (65)
TLR7/8 TLRY N/A N/A No Non-human primates Schistosomiasis (63)
TLR3 TLR7/8 N/A N/A Yes Non-human primates Dengue viral infection (93)
TLR2 TLR4 N/A N/A No Swine Porcine respiratory syndrome 1)
TLR2 TLRS5 N/A N/A No Chicken Avian influenza (105)
TLR3 TLR4 TLR21 N/A Yes Chicken Avian influenza (74)
TLR4 TLR7 N/A N/A Yes Non-human primates Simian Immunodeficiency 87)
TLR3 TLR7/8 TLR7 N/A Yes Chicken Avian influenza (83)
TLR2 TLR3 N/A N/A Yes Chicken Infectious bursal disease (89)
TR TIR7/8 N/A N/A No Non-human primates  Simian Immunodeficiency ©)

TLR4 TLR7/8 NIA N/A Yes Non-human primates Simian Immunodeficiency (84)
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Animal

TLR agonist  TLRreceptor Injection route Adverse effects Disease e References
Pam3Cys, CpG TLR1/2, TLR9, Intramuscular Fever, chronic Mycoplasma Swine 8
ODN, Resiquimod  TLRS inflammation, granuloma | hyopneumoniac

3M-052-SE TLR7/8 Intramuscular None SARS-CoV-2 Rhesus Monkey (s0)
R848, Flagellin TLR7/8, TLRS Intramuscular None Influenza Rhesus Monkey 1)

GLA-SE TLR 4 Intramuscular None Malaria Rhesus Monkey (86)
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Targeted Rabies virus-expressed Type of Animal test References
pathogen antigen vaccine
Bacillus anthracis Protective antigen D-4 Inactivated Yes Mice @]
Borrelia burgdorferi BBI39 Inactivated Yes Mice ®)
BEFV Glycoprotein Live Yes Mice ©)
cpv H protein Live Yes Dogs (10)
Canine parvovirus Virion protein 2 Inactivated and live | Yes Mice [¢3)]
Ebola virus Glycoprotein Inactivated Yes Mice and dogs (12)
E. granulosus EG95 Live Yes Mice 13
EV,SV, MV, or (and) LV | Glycoprotein or GPC Inactivated Yes Macaca fascicularis ()
FHV-1 Glycoprotein B Inactivated Yes Mice and cats 15
Hendra virus G protein Live Yes Mice (16)
HIV-1 Gag Replication- Yes Mice a7
deficient
HIV-1 2p160 Live Yes Mice (18,19)
Lassa virus Glycoprotein Inactivated Yes Mice and guinea pigs 0)
LCMV Glycoprotein Replication- Yes Mice @
deficient
Marburg virus Glycoprotein Inactivated and live | Yes Mice (22,23)
MERS-CoV S1 subunit Inactivated Yes Mice, camels and alpacas | (24)
MERS-CoV Infused S1 subunit Replication- Yes Mice ©5)
deficient
Nipah virus AG.orEG. Live Yes Mice and pigs 26)
Nipah virus G protein Inactivated and live | Yes Mice en
PPRV Hor F protein NA. NA. NA. ©8)
SARS-CoV-2 S1 subunit Inactivated and live Yes Hamsters and mice (29-32)
SARS-CoV-2 TRBDT of S1 subunit Inactivated Yes Mice 33)
SARS-CoV-2 RBD of SARS-CoV-2 Inactivated Yes Cats and dogs 34
SFTSV Gn Live Yes Mice (35)
SHIV and SIV SHIVsoep Env and SIVimaeaso Gag Live Yes Rhesus macaques (36)
RVEV Gn ectodomain Inactivated Yes Mice 7

A.G.or .G, attachment glycoprotein or fusion glycoprotein; BEFV, bovine ephemeral fever virus; CDV; canine distemper virus; E. granulosus, Echinococcus granulosus; EV, SV, MV or (and) LV,
Ebola virus, Sudan virus, Marburg virus or (and) Lassa virus; FHV-1, feline herpesvirus-1; GPC, glycoprotein complex; gp160, glycoprotein 160; HIV-1, human immunodeficiency virus type
1; LOMY, lymphocytic choriomeningitis virus; MERS-CoV, Middle East respiratory syndrome coronavirus; N.A., not available; PPRV, peste des petits ruminants virus; RBD, receptor-binding
domain; RVEV, Rift Valley fever virus; SARS-CoV-2, severe acute respiratory syndrome coronavirus type 2; SFTSV, severe fever with thrombocytopenia syndrome virus; SHIV, simian-human
immunodeficiency virus; SIV, simian immunodeficiency virus; TRBDT, tandem receptor-binding domain trimer.
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TLR as

T!‘R as therapeutic Total
Variable adrj’u(\:/sm ageent

n=42 - (:"’9
Diseases
Viral diseases 30(71) 9(100) 39(76)
Bacterial diseases 6(15) 00 6012)
Protozoal diseases 307) 000 366
Parasitic 3(7) 00 366
Type of vaccines/therapeutic
Inactivated vaccines 17 (41) 0(0) 17(33)
Subunit vaccines 14(33) 2(22) 16(31)
Live attenuated vaccines 707) 0 704)
DNA vaccines 37 0(0) 3(6)
Viral infection 0 7(78) 7(14)
therapeutic
mRNA vaccines 1@ 00 12
Animal models
Non-human primates 15(36) 6(67) 2141
Chicken 16(38) 2022) 18(35)
Swi 9(21) 1a1) 10/20)
Cattle 2(5) 00 2(4)
Route of TLR administration
Intramuscular 21 (46) 3(30) 24(43)
Subcutaneous 1226) 2(20) 14(25)
Oral 49) 3(30) 703)
Intranasal 40) 1010) 509)
Intradermal 40) 000 4
Intra-air sac 0(0) 1010) 12

Intratracheal 1) 0(0) 1)
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TLR Number

TLR agonist B References
E receptors  of studies
CpG ODN TLR9and TLR 19 (38, 63-79)
2

Resiquimod, TLR7/8 n (38,63, 65,67,

3M052, 3M-003, 77-83)

CLO97M-012

LPS, GLA, HSPX, TIR4 n (35,36,65,71, 74,

MPLA 84-88)

Poly (1:C) TIRS n (65,71, 74,83,
88-93)

Vesatolimod, TIR7 10 (37,83, 84,87,

Imiquimod, GS- 94-99)

986, 52U10, GS-

9620

Adilipoline

Flagellin TIRS 6 (81, 100-104)

Pam3Cys TIR12 7 70,77

Adilipoline, HSP70c TLR2 4 (65,89,99,107)

Bacillus subtilis TLR2/4 1 (108)

spores.
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Application of TLR agonists

Assess efficacy and immunogenicity 47(92%)
Assess safety and immunogenicity 4(8%)
Enhanced humoral response

Yes 41(80%)
No 10 (20%)
Enhanced cellular response

Yes 41(80%)
No 10 (20%)

Enhanced vaccine protective efficacy
Yes 46 (90%)

No 5(10%)
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