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Adverse effects Completed primary series Updated bivalent booster

Male Female P value Male Female
n(%) IR n(%) n(%) IR n(%) IR

Hearing loss 4,319(4.05) 1.906 1,759(5.46) 1.629 2,560(3.44) 2158 <.0.001 19(64.86) 0352 70(5.3) 0.278 126(4.65) 0413 0413
Tinnitus (Ringing in

dhseas) 12,338(11.57) 5445 4,960(15.41) 4593 7.378(9.91) 6.221 <.0.001 381(9.45) 0.684 146(11.05) 0579 235(8.67) 0771 0771
Ear infections (Otitis

Media) 563(0.53) 0.248 187(0.58) 0173 376(0.5) 0317 <.0.001 81(2.01) 0.145 24(1.82) 0.095 57(2.1) 0.187 0.187
Menieres disease 82(0.08) 0.036 25(0.08) 0.023 57(0.08) 0.048 0.002 3(0.07) 0.005 1(0.08) 0.004 2(0.07) 0.007 0.007
Vestibular neuronitis 98 (0.09) 0.043 35(0.11) 0.032 63(0.08) 0.053 0.018 11(0.27) 0.02 4(03) 0.016 7(0.26) 0.023 0.023
Dizziness or vertigo 71,255(66.81) 31446 20,126(62.53) 18.637 51,129(68.66) 43.108 <0.001 1,610(39.94) 2.89 483(36.56) 1915 1,127(41.59) 3.697 <0.001
Sinusitis 1,333(1.25) 0.588 346(1.07) 032 987(1.33) 0.832 <0.001 270(6.7) 0.485 80(6.06) 0317 190(7.01) 0.623 <0.001
Rhinitis (Allergic and

Non-allergic) 126(0.12) 0.056 49(0.15) 0.045 77(0.1) 0.065 0.049 8(0.2) 0.014 2(0.15) 0.008 6(0.22) 0.02 0.02
Epistaxis 2,085(1.95) 092 700(2.17) 0.648 1,385(1.86) 1168 <0.001 45(1.12) 0.081 15(1.14) 0.059 30(1.11) 0.098 0.098
Anosmia 3,652(3.42) 1612 1,237(3.84) 1.146 2415(3.24) 2,036 <0.001 227(5.63) 0.408 64(4.84) 0.254 163(6.01) 0.535 <0.001
Nasal polyps 15(0.01) 0.007 7(0.02) 0.006 8(0.01) 0.007 0939 2(0.05) 0.004 1(0.08) 0.004 1(0.04) 0.003 0.003

Snoring or difficulty
breathing through the 494(0.46) 0218 284(0.88) 0263 210(0.28) 0177 <0.001 1523.77) 0273 84(6.36) 0333 68(251) 0223 0223

nose and sleep apnea

Allergies 5.983(5.61) 264 1,219(3.79) 1129 4,764(6.4) 4.017 <0.001 213(5.28) 0.382 58(4.39) 023 155(5.72) 0.508 <0.001
“Tonsi 73(0.07) 0.032 20(0.06) 0019 53(0.07) 0.045 0.001 40.) 0.007 1(0.08) 0.004 3(0.11) 0.01 0.01
Laryngitis 135(0.13) 0.06 23(007) 0.021 12(0.15) 0,094 <0.001 54(1.34) 0.097 11(0.83) 0044 43(1.59) 0.141 0141
Vocal cord polyps and 0 0 0 0 0 0

27(0.03) 0012 6(0.02) 0.006 21003) 0018 0.008
nodules
Laryngopharyngeal 337(0.32) 0.149 43(0.13) 0.04 294(0.39) 0.248 <0.001 21(0.52) 0.038 6(0.45) 0.024 15(0.55) 0.049 0.049
reflux (acid reflux)
Epiglottitis 80.01) 0,004 3001) 0.003 50.01) 0,004 0565 0 0 0 0 0 0
Pharyngitis 3,730(3.5) 1.646 1,159(3.6) 1073 2,571(3.45) 2.168 <0.001 753(18.68) 1352 271(20.51) 1075 482(17.79) 1.581 <0.001
Any IR 106,653 47.068 32,188 29.807 74,465 62.783 <0.001 4,031 7.237 1,321 5238 2,710 8.89 <0.001
Sample size 226,593,618 107,987,092 118,606,526 55,703,085 25,218,543 30,484,542

The data was collected from the VAERS and the CDC Covid-19 vaccinations data tracker as of August 30, 2023. The Incidence Rate(IR) per 100,000 was measured based on subjects with complete primary series vaccination and updated bivalent booster of COVID-19
vaccinations in the US. The sample size was from the CDC Data Tracker. P value was by chi-square, which tests the difference in AEs distribution according to age group.
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Adverse effects Completed primary series Updated bivalent booster

0-17years  18-49years  50-64years 65+ years 0-17years  18-49years 50-64years  65+years  Pvalue

n(%) IR n(%) IR n(%) IR n(%) IR n(%) IR n(%) IR n(%) IR n(%) IR
Hearing loss 155(3.79) | 0692 429(294) | 0437 | 885(453) 1678  804(501) | 1576 <0001 = 3(1.85) 0098  17(632)  OAIl  36(637) 0264 79(483) 0338  <0.001

Tinnitus (Ringing in
166(4.06) | 0741 | 724(496) | 0738 | 3384(1733) 6417 2056(128) 4029 <0001 = 9(556) | 0294 12(446) 0078 81(1439) 0593 109(667) 0466  <0.001

the ears)

Ear infections (Otitis

e 27(0.66) | 0.121 49(0.34) 005 98(0.5) 0186 76(047) | 0.149 <0001  5(309) 0163 7(26) 0046 21(372) 0154 26(159) 0111 <0.001
edia)

Meniere’s disease 1002 | 0004 2001) 0.002 19(0.1) 0036 200.12) | 0.039 1 0 0 1037) | 0007 0 0 2012) | 0009 1
Vestibular neuronitis 2005) | 0.009 10(0.07) 001 24012) 0046 15(009) | 0029 <0001  1(062) | 0033 1(037) 0007 20035 0015  6(037) 0026 0672

Dizziness or vertigo | 3291(80.5) | 14.695  11,582(7932) 11799 | 11978(6133) 22715 9,849(6133) 193  <0.001 | 120(7407) 3915  159(59.11) 1039  217(38.41) 1589  537(3286) 2294  <0.001

Sinusitis 21(0.51) 0.094 76(0.52) 0.077 265(1.36) 0503 284(1.77) 0.557 <0.001 3(1.85) 0.098 5(1.86) 0.033 32(5.66) 0234 132(8.08) 0564 <0.001
Rhinitis (Allergic and

Non-allergic) 2(0.05) 0.009 13(0.09) 0.013 24(0.12) 0.046 26(0.16) 0.051 <0.001 0 o 2(0.74) 0.013 2(0.35) 0.015 3(0.18) 0013 0978
Epistaxis 127(3.11) 0.567 247(1.69) 0252 333(1.71) 0.631 348(2.17) 0.682 <0.001 5(3.09) 0.163 4(1.49) 0.026 4(0.71) 0.029 18(1.1) 0.077 <0.001
Anosmia 53(1.3) 0237 372(2.55) 0379 753(3.86) 1428 599(3.73) 1174 <0.001 0 o 4(1.49) 0.026 39(6.9) 0.286 98(6) 0419 <0.001
Nasal Polyps 0 0 2(0.01) 0.002 3(0.02) 0.006 4(0.02) 0.008 0.387 0 o 0 o 1(0.18) 0.007 1(0.06) 0.004 0875
Snoring or difficulty <0.001
breathing through the 8(0.2) 0.036 36(0.25) 0.037 64(0.33) 0.121 131(0.82) 0.257 <0.001 1(0.62) 0.033 5(1.86) 0.033 21(3.72) 0.154 71(4.35) 0303

nose and sleep apnea

Allergies 147(3.6) 0.656 664(4.55) 0676 963(4.93) 1.826 998(6.21) 1.956 <0.001 7(432) 0228 | 34(1264) 0222 33(5.84) 0242 67(4.1) 0.286 <0.001
Tor itis 3(0.07) 0.013 22(0.15) 0.022 11(0.06) 0.021 6(0.04) 0.012 0.607 0 o 2(0.74) 0.013 0 o o o 0.262
Laryngitis 1002) | 0004 10007 001 | 36(0.18) 0068  280.17) | 0055 <0.001 0 0 3112 002 8(42) 0059 32196) | 0137 <0001
Vocal cord polyps and 0 0 1(0.01) 0.001 10(0.05) 0.019 6(0.04) 0.012 0.001 0 o 0 o 0 o 0 o

nodules

Laryngopharyngeal 3(0.07) 0.013 26(0.18) 0.026 83(0.43) 0.157 39(0.24) 0.076 <0.001 0 o 1(037) 0.007 1(0.18) 0.007 9(0.55) 0.038 0.127
reflux (Acid Reflux)

Epiglottitis 0 0 001 0001 | 2000 0004 1001 | 0002 0745 0 0 0 0 0 0 0 0

Pharyngitis 81(1.98) 0362 335(2.29) 0341 594(3.04) 1126 768(4.78) 1.505 <0.001 8(4.94) 0.261 12(4.46) 0078 67(11.86) 0491 = 444(27.17)  1.897 <0.001
Any IR 4088 18253 14601 14875 19529 37035 16058 31467 <0.001 162 5285 269 1758 565 4138 L6M 6981 <0001
Sample size 22,396,020 98,160,420 52,731,727 51,031,000 3,065,181 15,303,884 13,654,874 23,407,228

The data was collected from the VAERS and the CDC Covid-19 vaccinations data tracker as of August 30, 2023. The Incidence Rate(IR) per 100,000 was measured based on subjects with complete primary series vaccination and updated bivalent booster of COVID-19
vaccinations in the US. The sample size was from the CDC Data Tracker. P value was by chi-square, which tests the difference in AEs distribution according to age group.
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Adverse At least one dose Updated Bivalent booster
Sifects PFIZER. MODERNA JANSSEN 3 PFIZER. MODERNA P value

BIONTECH value BIONTECH
n(%) IR n(%) IR n(%) IR n(%) IR n(%) IR

Hearingloss 3391(462) | 2222 2455(423) | 2543 | 464(343) 5871 <0001 | 113(476) 0319 | 85(496) 0423 0.047

Tinnitus (Ringing in
- 9.308(12.69) | 6100 7049(1214) | 7303 L516(112) 19182 <0.001 | 226(952) = 0637 | 16898) = 0837 0007
the ears

Ear infections (Otitis
453(062) | 0297 345(059) | 0357  56(041) 0709 <0001  51(215) 0144 | 37(216) 0184 0248

Media)
Menieres disease 61008) | 0040 50009 0052 7(005) 0089 1000 | 2(008) | 0006 1006 | 0005 0920
Vestibular neuronitis | 89(0.12) | 0058 | 660.11) 0068 | 5004) | 0063 0619 6025 0017 5029 | 0035 0520

Dizziness or vertigo  46,290(63.09) | 30.336 | 36,646(63.14) 37964  9,579(70.79) 121202 <0001 | 961(405) = 2709 | 668(38.95) 3328 <0001
Sinusitis 1029(1.4) | 0674 941(1.62) | 0975  165(122) 2088 | <0001  154(649) 0434 | 117(682) 0583 0016

Rhinitis (Allergic and
910.12) | 0060 83(0.44) | 0086 90.07)  0Al4 0020  4017) | 0011 | 4(0.23) | 0020 0414
Non-allergic)

Epistaxis 1,495(2.04) 0.980 1,072(1.85) L1111 336(2.48) 4251 <0.001 25(1.05) 0.070 20(1.17) 0.100 0.246
Anosmia 2.919(3.98) 1913 2,032(3.5) 2.105 416(3.07) 5.264 <0.001 128(5.39) 0361 101(5.89) 0503 0.012
Nasal polyps 8001) 0005 | 6001) 0006  3(002) 003 0002 1004 0003  1(0.06) = 0005 0683
Snoring or difficulty

breathing through the |~ 568(0.77) | 0372 | 357(0.62) 0370 | 58(043) 0734 <0001  121(51) 0341 | 31(181) = 0154 <0001

nose and slecp apnea

Allergies 4,134(5.63) 2.709 3.918(6.75) 4.059 439(3.24) 5555 <0.001 126(5.31) 0355 91(5.31) 0453 0.075
Tonsilits 50007) | 0033 36006 | 0037 8006 0101 0008 | 3(0.13) | 0008 1006 | 0005 0643
Laryngitis 135(0.18) 0.088 109(0.19) 0.113 15(0.11) 0.190 0.007 31(1.31) 0.087 24(1.4) 0.120 0.247
Vocal cord polyps and

9006 | 0019 13002 0013 3002 | 0038 0225 © 0000 © 0000
nodules
Laryngopharyngeal

235(0.32) 0.154 193(0.33) 0.200 22(0.16) 0.278 0.002 13(0.55) 0.037 8(0.47) 0.040 0.852
Reflux (Acid Reflux)

6(0.01) 0.004 7(0.01) 0.007 2(0.01) 0.025 0.041 ©) 0.000 (0) 0.000
Pharyngitis 3,076(4.19) 2016 2,663(4.59) 2.759 429(3.17) 5428 <0.001  408(17.19) 1150 | 353(20.58)  1.759 <0.001
AnyIR 73,367 48.081 58,041 60.129 13,532 171.218 = <0.001 2373 6.689 1,715 8544 <0.001
Sample size 152,590,827 96,527,417 7,903,364 35,476,628 20,072,000

The data was collected from the VAERS and the CDC Covid-19 vaccinations data tracker as of August 30, 2023, The Incidence Rate(IR) per 100,000 was measured based on subjects with
complete primary series vaccination and updated bivalent booster of COVID-19 vaccinations in the US. The sample size was from the CDC Data Tracker. P value by Chi-square test. The CDC.
did not provide the number of the complete primary series, thus it was substituted with “At Least One Dose.” The CDC did not provide the number of updated bivalent booster produced by
Jassen because it was niot used as one in the US.
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Symptoms Completed primary series

Specific AEs of COVID-19 PRR 95% CIL 95% CIH
vaccines
Hearing loss. 14319 1554 1487 1625
Tinnitus (Ringing in the ears) 12338 2343 2275 2413
Ear infections (Otitis Media) 563 0227 0.207 0.248
82 1945 1382 2736
Vestibular neuronitis 98 1217 0.924 1603
Dizziness or vertigo 71,255 1629 1612 1647
Sinus 1333 0832 0777 0891
Rhinitis (Allergic and Non-allergic) 126 0.056 0.047 0067
Epistaxis 2,085 1605 1506 1712
Anosmia 3652 3167 2983 3363
Nasal polyps 15 1.956 0879 4355
::::l:i:::f:uhy breathing through the nose o 0208 s s
Allergies 5983 0.251 0.244 0.258
Tonsi 7 0491 0375 0.642
Laryngitis 135 0332 0.275 0.401
Vocal cord polyps and nodules 27 Li01 0,659 1837
Laryngopharyngeal reflux (Acid Reflux) 37 2632 2187 3168
Epiglotitis 8 0348 0.159 0759
Pharyngitis 3730 0573 0551 059
Any IR 106,653
Sample size 226,593,618

Data are from the VAERS and CDC Covid-19 vaccinations data tracker through to August 30, 2023. PRR, proportional reporting ratio.
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The Vaccine Adverse Event Reporting

CDC COVID-19 Vaccinations in the US

System (VAERS) {COVID Data Tracker)
Dec. 14, 2020 - Aug. 30, 2023 Dec. 14, 2020 - Aug. 30, 2023
|
COVID19 vaccine
» All doses for people receiving at least one dose
=110 2 doses for people of completed primary series 8 :‘ least °:' "‘”’ .
.
= 23 doses for people of primary series booster shot 3 U:a’ll:ebivl:'ll::m:: s
COVID19-2 vaccine
= All doses for people of updated bivalent booster dose
|
All adverse events. People Receiving at Least One Dose
(n=3,991,001) (n = 264,835,985)
Excluded as an
unknown age and
manufacturer v
Otarhinolaryngological People of completed primary series
adverse events (n=226,593,618)
(n =106,653)
! . l
PFIZER.BIONTECH MODERNA JANSSEN
=People (n = 152,590,827} = People (n = 96,527,417) * People (n =7,903,364)
= Adverse events (n = 73,367) = Adverse events (n = 58,041) » Adverse events (n = 13,532}
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Live attenuated

pe of vaccine

Characteristics

Weakened version of the pathogen. Provides durable immunity, often
with a single dose. Although for several vaccines, repeated doses are
also required.

mitations and disadvantages

Not recommended for immunocompromised individuals. Small risk of
the pathogen reverting to its virulent form.

Inactivated Inactivated pathogens, which cannot replicate, ensure safety even for Requires multiple doses. Protection tends to be less durable than live
individuals with compromised immune systems. attenuated vaccines.

Subunits Purified parts (antigens) of the pathogen. Safe for Requires multiple doses. Protection tends to be less durable than live
immunocompromised individuals. attenuated vaccines.

Toxoids Non-toxic derivatives of toxins (toxoids). Triggers an immune Requires multiple doses. Some individuals may have allergic reactions

response against the toxin, not the pathogen itself.

to the toxins.

Vector-based

Carrier microorganism (vector) transporting genetic sequences
encoding for a relevant antigenic protein of the target pathogen. The
vector may or may not be replicative.

Potentially reduced efficacy among individuals with pre-existing
immunity to the vector. Replicative vectors are not suitable for
immunocompromised individuals.

Nucleic acids

Genetic material (mRNA and, less commonly, DNA) encoding a
relevant virulence protein, which is encapsulated in a lipid vesicle or
introduced by electroporation. Can be rapidly developed and
produced.

Requires extremely low storage temperatures. Long-term effects under
study.
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Pathogen ease Year Developer(s) Vaccine type References
Variola virus Smallpox 1796 Edward Jenner Vaccine based on bovine smallpox virus | (43)
Rabies virus Rabies 1885 Louis Pasteur and Emile Attenuated vaccine (49)
Roux
Salmonella enterica Serovar Typhoid fever 1896 Richard Pfeiffer and Inactivated vaccine (50)
Typhi Almroth Wright
Vibrio cholerae Cholera 1896 ‘Wilhelm Kolle Inactivated vaccine (51)
Yersinia pestis Bubonic plague 1897 Waldemar Haffkine Inactivated vaccine (52)
Mycobacterium tuberculosis Tuberculosis 1921 Albert Calmette and Attenuated vaccine based on (53)
Camille Guérin Mycobacterium bovis
Corynebacterium diphtheria Diphtheria 1923 Gaston Ramon Toxoid vaccine that protects against the (54)
toxin
Clostridium tetani Tetanus 1925 Gaston Ramon Toxoid vaccine that protects against the (55)
toxin
Bordetella pertussis Pertussis 1930s Pear] Kendrick and Whole-cell inactivated vaccine (56)
Grace Eldering
Yellow fever virus Yellow Fever 1937 Max Theiler Attenuated vaccine (17D strain) (57)
Polio virus Poliomyelitis 1955 Jonas Salk Inactivated vaccine that protects against (58)
all 3 serotypes.
Polio virus Poliomyelitis 1960 Albert Sabin Oral attenuated vaccine that protects (59)
against all 3 serotypes
Measles virus Measles 1954- John F. Enders and Attenuated vaccine; part of the MMR (60)
1960 Samuel L. Katz vaccine
Mumps virus Mumps 1967 Maurice Hilleman Attenuated vaccine; part of the MMR ©1)
vaccine
Rubella virus Rubella 1969 Stanley Plotkin Attenuated vaccine (RA 27/3 strain); (©2)
part of the MMR vaccine
Varicella-Zoster virus Varicella 1974 Michiaki Takahashi Attenuated vaccine (Oka strain) (63)
Neisseria meningitidis Meningitis 1981 Polysaccharide vaccine (64, 65)
serogroups A, C, W, and Y
Hepatitis B virus Hepatitis B 1982 Baruch Blumberg and Subunit vaccine based on viral surface (66)
Irving Millman protein
Streptococcus preumoniae Pneumonia 1983 Robert Austrian et al. Polysaccharide vaccine against 23 ©7)
serotypes
Haemophilus influenzae typeb | Pneumonia, meningitis, | 1985 David H. Smith, Porter Polysaccharide vaccine (©8)
and other illnesses Anderson, et al.
Haemophilus influenzae typeb | Pneumonia, meningitis, | 1987 Conjugate polysaccharide vaccine (©9)
and other illnesses
Vibrio cholerae Cholera 1991 Jan Holmgren et al. Vaccine containing killed whole cell of (70)
V. cholerae O1 and cholera toxin B
subunit
Bordetella pertussis Pertussis 1992 Rino Rappuoli et al. Acellular vaccine 1)
Hepatitis A virus Hepatitis A 1990s Various developers Inactivated vaccines (72)
Neisseria meningitidis Meningitis 1999 Conjugate polysaccharide vaccine 73)
serogroup C
Streptococcus preumoniae Pneumonia 2000 Conjugate polysaccharide vaccine 74)
against seven serotypes
Neisseria meningitidis Meningitis 2005 Conjugate polysaccharide vaccine (65)
serogroups A, C, W, and Y
Rotavirus Gastroenteritis 2006 Various developers Attenuated vaccine against rotavirus (75)
and reassortant vaccine
Human Papillomavirus Human papillomavirus- | 2006 Tan Frazer and Jian Zhou | Subunit vaccine based on viral proteins; | (76)
(HPV) associated protects against cervical cancer and
cancers other HPV-associated cancers
Neisseria meningitidis Meningitis 2013 Subunit vaccine plus outer membrane @7)
serogroup B vesicles.
SARS-CoV-2 COVID-19 2020 Various developers Various technologies: inactivated (78-85)
2021 vaccines, mRNA vaccines, and
non-replicating viral vector vaccines.
Respiratory syncytial virus Cold-like symptoms, 2023 Subunit vaccine based on the prefusion (86,87)
(RSV) pneumonia. F protein.

*For a historical context, the first vaccines to be licensed or those that marked a milestone in the management of a specific disease are highlighted. The approximate year of development or
licensure and the main developers are indicated. The optimization of many of these vaccine formulations has led to their replacement by others that have proven to be safer and more effective.
The names of the main developers of the vaccine are indicated. In some cases, the vaccines were developed by pharmaceutical companies and therefore their names are omitted. For more
information refer to the text.
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Categories No. of studies

Country Nigeria 12
Senegal 5
Sio Tomé and Principe 1
‘The Gambia 1
Uganda 1
Burkina Faso 1
Mozambique 1
Cote d'voire 1
Ethiopia 1
Benin 1
Global 2
Multi-country (Botswana, Namibia, The Gambia, Nigeria, Sao Tomé and Principe) 1
Publication language English 2
French 2
Study design Quantitative cross-sectional 18
Quantitative cohort 4
Qualitative 2
Mixed methods 3
Quasi experimental 1
Study population Mother-infant pairs 9
Infants/children 6
Mothers 1
Health care workers 3
Pregnant women 1
Countries, 2
Health facilties 3
Primary focus of study Factors associated with vaccination program performance 14
Evaluation of broader immunization-related programs 4
Efficacy of hepatitis B vaccination program regiments 1
Knowledge, awareness, perceptions, and practice in key populations 9
Vaccination strategy Universal 20
Selective 4

Universal and selective )

Not reported 3
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EBSCOHost (n=164) Duplicate records removed (1=264)

Web of Science (n=267) ) Records marked as ineligible by automation
Scopusioedd) tools (n=44)

Other sources (N = 6)
Google Scholar alert (n=1)
Bibliographic search (n=4)
Recommendation (n=1)

l

Records screened Records excluded

(n=364) (n=326)
l Reports excluded:

Reports assessed for eligibility E— Reason 1: Incorrect vaccine (n=7)
(n=38) Reason 2: Wrong study type (n=2)
Reason 3: Wrong publication type (n=1)

Studies included in review
(n=28)
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Gene editing tool/gene

Function

Leishmania

strain

Animal/cell
model

Consequence

Homologous recombination

Dihydrofolate DNA and pyrimidine Leishmania BALB/c, Rhesus | Low parasite burden and infection (42)
reductase-thymidylate synthase synthesis major monkey invivo (43)
(DHFR-TS) Potent immune response
P27 protein An element of cytochrome ¢ L. major Dogs Indicating prolonged protection (41)
oxidase complex associated against virulent Leishmania
with oxidative infantum and no presence of
phosphorylation lesion, reduced DTH reaction
Cysteine protease aand b (cpa/b) An essential role in parasite Leishmania o BALB/c, Showed resistance, reduced (49)
pathogenesis mexicana C57BL/6, parasite burden, and small lesions (50)
CBA/Ca 1)
o Hamster
B galactofuranosyl transferase Surface lipophosphoglycan L. major BALB/c Showing a minimal delay in lesion (45)
(LPG 1) synthesis induction
Sterol 24-c-methyltransferase Ergosterol synthesis L. major BALB/c, C57BL/6 | Delayed in lesion induction and (52)
(SMT) lower parasite load
Mannose-1-phosphate Mannose donor in the L. mexicana BALB/c Permanent immunity, complement (53)
guanylyltransferase (GDP-MP) glycosylation process susceptibility, decrease in parasite
burden
2,4-dienoyl-coA reductase (DECR) Essential for fatty acid L. major BALB/c Reduced parasite burden (54)
B-oxidation
Alkyl-dihydroxy-acetonephosphate | Ether lipid synthesis L. major BALB/c Reduced parasite load, (55)
synthase (ADS1) complement susceptibility
Fructose 1,6 bisphosphatase (FBP) | Essential role in L. major BALB/c Induced protection against (56)
gluconeogenesis challenge, induced Th response,
reduced parasite burden
Nucleobase transport (NT4) Purine base uptake L. major BALB/c BMDM Suppressing intracellular (57)
amastigotes.
ATP-binding cassette protein Membrane-bounded L. major BALB/c o Low infection and parasite load (58)
subfamily G 1/2 (ABCG 1,2) transporters responsible for o Homologous recombination
drug resistance
Mitochondrial carrier protein Iron transporter in Leishmania C57BL/6 No lesions, low parasite burden (59)
(MIT 1) mitochondria amazonensis
Glucose transporter (GT) 1,2,3 Transport of glucose L. mexicana BALB/c Low infection and parasite burden, (60)
without lesions
Kharon (KH) Essential for flagellar transit of | L. mexicana BALB/c Low parasite load, high IFN-y, IgG, ©1)
GT1, cytokinesis process and 1L-17
amastigote survival inside the
cells
Leishmanolysin (GP63) Membranous L. major BALB/c Small lesions, complement, (44)
metalloproteinase as an susceptibility.
antigen involved in
pathogenicity
KIN 29 DEATH kinesin The motor protein inside the | L. mexicana BALB/c No appearance of lesion or disease (62)
cell
Bardet-bidle syndrome 1 Trafficking process related to | L. major BALB/c Low infection and parasite load, (63)
protein-like (BBS 1) primary cilium, in human small lesions
‘Target of rapamycin kinase3 (TOR Regulation of cell L. major BALB/c Low parasite load and small lesions (64)
3) proliferation and growth
PIWI-like protein 1 (PWI) A mitochondrial argonate-like | L. major BALB/c Low parasite load and (65)
protein involved in the pathogenicity
apoptosis process
Signal peptidase type 1 (SPase I) Elimination of signal peptide | L. major BALB/c Low parasite load, no lesion (66)
portion of secretory proteins
CRISPR-Cas system
Centrinl (Cen 1) A cytoskeletal o L. mexicana BALB/c, C57BL/6 Increase in NO level, IEN-y, IL-2, (67)
calcium-dependent protein o L major BMDM and TNF-o and Th1 response. Decrease (48)
involved in proliferation and BMDC in anti-inflammatory cytokines and
centrosome duplication parasite load
Eukaryotic translation initiation Translation initiation factor L. mexicana RAW264.7 Low infection rate (68)
factor 4E-1 (eIF4E1) Macrophage
Flagellum attachment zone protein | Attachment of flagellum to L. mexicana BALB/c Low rate of growth and (69)
7 (FAZ7) the cell body involved in pathogenicity
cytokinesis
Protein BTN1 Involved in vacuolar transport L. mexicana BALB/c Parasite load and lesion size have (70)
of Arg, also in Batten disease no difference in WT and CRISPR
groups
diCre loxP
Cdc2-related kinase 3 (CRK3) Involved in leishmania L. mexicana BALB/c Lower parasite burden and smaller 71

proliferation, a functional
homolog of CDK1

lesion of the footpad
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Attenuation method  Species imal model Result
Physical approaches
Prolonged in vitro culture o Leishmania major | C57BL/G, BALB/c.H-2°, BALB/c.H-2%, BALB/c, BALB/c.H-2", and 27)
o Leishmania tropica | BALB/c BALB/c.H-2¥ have been protected
partially against CL
Prolonged in vitro culture Leishmania chagasi BALB/c Without immunization (28)
Prolonged in vitro culture Leishmania C57BL/6 Decrease in parasite burden and 29
amazonensis increase in [FN-y amounts
Temperature selectivity and Leishmania BALB/c Complete protection against infection (30)
treatment with mutagenesis braziliensis and reduced in lesion size
agent
Gamma irradiation L. major CBA, BALB/c High protection after subcutaneous [€2Y)
challenge with L. major
Chemical approaches
Chemical mutagenesis L. major BALB/c Reduced lesion size (32)
(N-methyl-N-nitro-N-
nitrosoguanidine)
Gentamicin pressure o L. major BALB/C Induced protection and no skin lesion (33)
o Leishmania
mexicana
o Leishmania
infantum
o Leishmania donovani
Gentamicin pressure L. infantum Dogs No clinical manifestation and parasite (34)

in internal organs, higher IFN-y
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First author Year of Country  Study Study Sample Numberof Prevalence Quality

publication design  population  size outcome status
1 Joseph Obiero Ogutu, 2020 Kenya Cross- Children aged 417 213 5108 Low risk
etal. sectional 19-59 months
2 Atalay Goshu 2019 Ethiopia Cross- Children aged 965 120 12.44 Low risk
Muluneh, et al. sectional <36 months
3 Aynalem Demewoz, 2020 Ethiopia Cross- Children aged 837 403 48.15 Low risk
etal. sectional 24-35 months
4 Fredrick Mike 2016 Kenya Cross- Children aged 571 102 17.86 Low risk
Makokha, et al. sectional 24-35 months
5 Richard Magodi 2017 Tanzania Cross- Children aged 1,000 442 44.20 Low risk
sectional <5 years
6 Addisu Waleligne 2022 Ethiopia Cross- Under-five 372 158 42.47 Low risk
Tadesse, et al. sectional children
7 Achamyeleh Birhanu 2019 Ethiopia Cross- Children aged 800 79 9.88 Low risk
Teshale, et al. sectional 24-35 months
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Leishmaniasis Prevalence in Middle East Countries.






OPS/images/fpubh-12-1359572/fpubh-12-1359572-g009.gif





