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To the Editor:

We read with interest a recent article reported by
Trinchillo A. in this journal [1], which found that COVID-
19 vaccines were safe in myasthenia gravis (MG) patients.
MG is an autoimmune disease affecting the neuromuscular
junction, which can involve the ocular, respiratory, and
skeletal muscles of the limbs. MG patients are predisposed
to develop respiratory diseases in more severe forms due
to muscular weakness. The COVID-19 vaccines have been
shown to prevent severe COVID-19 in vulnerable patients.
However, worsening MG induced by the COVID-19 vac-
cine has been seen in a few studies [2, 3]. Therefore, a
meta-analysis of the safety of COVID-19 vaccination in
MG patients is of significant importance.
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We searched the EMBASE, Web of Science, and Pub-
Med databases from January 1, 2020, to April 20, 2023,
using the following keywords: COVID-19 vaccines,
SARS-CoV-2 vaccines, 2019-nCoV vaccine, and myas-
thenia gravis. We restricted the search language to Eng-
lish. Studies were selected based on the following inclu-
sion criteria: MG patients who received SARS-CoV-2
vaccines and English articles. Exclusion criteria were
(1) studies without relevant data and (2) repeated studies.

We used Review Manager 5.3 software for statistical
analysis. To evaluate the association between MG patients
and the SARS-CoV-2 vaccines, we used single group per-
centages and corresponding 95% confidence intervals
(CIs) and a whole random-effects meta-analysis model to
summarize the data. Subgroup analysis was subsequently
performed to calculate the percentage of worsening MG
and adverse events depending on the vaccine dose. A
binary controlled study was used to calculate the worsen-
ing MG percentage depending on the gender, antibody
positive, and type of MG. In the random-effects meta-
analysis model, the odds ratio (OR) and 95% CI were used
to evaluate the effect. The I> and P values were used to
quantify the heterogeneity of the effects in the included
studies.

In total, 12 studies involving 1465 patients were
included in the final analysis (Table 1) [1-12]. The
overall OR for MG worsening after COVID-19 vacci-
nation in MG patients was 0.32 (95% CI, 0.25 to 0.42,
P <0.001) based on 12 studies (Fig. 1). The overall OR
for MG worsening after COVID-19 vaccination in males
vs. females based on eight studies was 0.59 (95% CI,
0.28 to 1.21, P=0.15) (Fig. 2A). The overall OR for
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Table 1 Baseline character 1stics Study Year  Country  Type of study Total patients ~ Male/female
of the included studies
Doron A [2] 2022 Israel Cross-sectional study 160 89/71
Farina A [3] 2022 Italy Observational study 104 55/49
Gamez J [4] 2022  Spain Prospective observational study 91 36/55
Ishizuchi K [5] 2022  Japan Observational study 343 119/224
Li HY [6] 2022  China Observational study 107 54/53
Lotan I [7] 2022 Israel Observational study 55 35/20
Lupica A [8] 2022 Ttaly Observational study 90 43/47
Pincheira AU [12] 2022 Canada  Observational study 200 103/97
Reyes-LeivaD [9] 2022  Spain Prospective observational study 100 45/55
Ruan Z [10] 2021  China A single-center case series 22 16/6
Sansone G [11] 2022 Italy Retrospective study 80 41/39
Trinchillo, A [1] 2023 Italy Retrospective study 113 60/53
Fig. 1 Worsening MG after ) ) Odds Ratlo o \ Odds Ratgi;g .
SARS-CoV-2 vaccination in Doron A, 2022 102277722 011817756 8.2%  0.36(0.29, 0.45) I —
MG patients Farina A, 2022 -1.07918125 0.14153463  7.9% 0.34 (0.26, 0.45)
Gamez J, 2022 164836001 01490804  7.8%  0.19[0.14,0.26] ¢
Ishizuchi I, 2022 -1.98677173 0.08269091  85%  0.14[0.12,0.16] ¢
LiHY, 2022 -0.94087855 0.14057902  7.9%  0.39(0.30,051)
Lotan I, 2022 -0.76900787 0.19864142 72%  0.46(0.31,0.68]
Lupica A, 2022 -0.44493657 0.21007144  714%  0.64(0.42,097)
Pincheira AU, 2022 11949766 0.10158321 83%  0.30(0.25,037) . —
Reyes-Leiva D, 2022a -1.06069784 0.14446302 79%  0.35[0.26,0.46]
Reyes-Leiva D, 2022b -0.95424251 0.14529663 7.9% 0.39[0.29, 0.51)
Ruan Z, 2021 41 030895719 58%  0.37[0.20,067]
Sansone G, 2022 120411998 017415764  7.5%  0.30(0.21,0.42)
Trinchilo A, 2023 111809931 013554839  8.0%  0.33(0.25,0.43]
Total (95% CI) 100.0% 0.320.25, 0.42) i
Heterogeneity: Tau® = 0.18; Chi? = 124.44, df = 12 (P < 0.00001); I* = 90% 02 0f5 1 ;

Test for overall effect: Z = 8.94 (P < 0.00001)

MG worsening after COVID-19 vaccination in AchR*
vs. MuSK™* groups based on six studies was 0.29 (95%
CI, 0.10 to 0.69, P < 0.05) (Fig. 2B). The overall OR for
MG worsening after COVID-19 vaccination based on
eight studies was 0.29 (95% CI, 0.25 to 0.33, P <0.001)
(Fig. 2C). The OR for the first dose of the vaccine was
0.27 (95% CI, 0.20 to 0.38, P < 0.001), the second dose
was 0.29 (95% CI, 0.25 to 0.34, P <0.001), and the
third dose was 0.30 (95% CI, 0.25 to 0.35, P <0.001).
These results suggested that a small number of MG
patients who received the COVID-19 vaccine had a
transient worsening MG. The MG worsening rate in
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MG patients with MuSK* was significantly higher than
in MG patients with AchR*. There was no significant
difference in the MG worsening rate after COVID-19
vaccination between genders and different doses of
vaccine.

The results from seven studies showed that the overall
OR for adverse events after COVID-19 vaccination in MG
patients was 0.67 (95% CI, 0.56 to 0.79, P <0.001). The
OR of the first dose vaccine was 0.65 (95% CI, 0.47 to
0.91, P=0.01), the second dose vaccine was 0.71 (95%
CI, 0.56 to 0.91, P=0.007), and the third dose vaccine
was 0.58 (95% CI, 0.47 to 0.72, P <0.001) (Fig. 3). The
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Fig.2 Worsening MG after A

SARS-CoV-2 vaccination in Male Female ' HOdv:ls Ralioasq o Odds Ratio .
. _Study or Subgroup  Events Total Events Total Weight M-| A M-H, Random.95%Cl
MG patients subtyped for gen- Doron A, 2022 7 89 6 71 206% 0.92 [0.30, 2.89] —
der (A), antibody positive (B), Farina A, 2022 155 749 9.0% 011[0.01,094) — =
. Ishizuchi |, 2022 0 119 3 224 5.2% 0.26 [0.01, 5.17]
and dose of vaccine (C) Li HY, 2022 6 54 5 53 186% 1.20 [0.34, 4.20) —
Lotan |, 2022 7 35 1 20 8.8% 4.75[0.54, 41.80] -1 -
Lupica A, 2022 4 29 10 24 17.3% 0.22[0.086, 0.85] - =
Ruan Z, 2021 1 16 1 6 53% 0.33[0.02, 6.37]
Trinchillo A, 2023 3 60 5 53 15.2% 0.51[0.11, 2.22) S S
Total (95% Cl) 457 500 100.0% 0.59 [0.28, 1.21] -
Total events 29 38 . ) ) )
Heterogeneity: Tau? = 0.33; Chi* = 10.21,df =7 (P = 0.18); P = 31% £ s ¥ y
Test fo?overe)llll effect: Z = 1.45 (P = 0.15) ( : 0.01 04 1 10 100
Favours [experimental] Favours [control]
B AChR+ MuSK+ Odds Ratio Odds Ratio
X o R om, 95% Cl
Doron A, 2022 10 129 0 2 10.0% 0.44 [0.02, 9.76]
Farina A, 2022 4 83 3 9 31.4% 0.10[0.02, 0.56] .
Ishizuchi 1, 2022 2 239 1 15 15.7% 0.12[0.01,138) — = |
LiHY, 2022 7 67 0 4 10.5% 1.12[0.05, 22.83]
Lupica A, 2022 9 35 1 5 17.6% 1.38 [0.14, 14.07] P
Trinchillo A, 2023 6 89 1 3 148% 0.14[0.01,183 — =~ |
Total (95% Cl) 642 38 100.0% 0.26 [0.10, 0.69] e
Total events 38 6 ) ) ) )
Heterogeneity: Tau? = 0.05; Chi? = 5.15, df = 5 (P = 0.40); 1> = 3% ! L ’ .
e Sk EE T 488 (P =0.007) : ) 001 01 1 10 100
Favours [experimental] Favours [control]
C Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio; SE Weight 1V, Random, 95% CI 1V. 95% Cl
1.4.1 First dose
Doron A, 2022 -1.86923172  0.1158595  7.8% 0.15[0.12,0.19])
Farina A, 2022 -1.52720012 0.13970102  7.2% 0.22[0.17, 0.29]
Li HY, 2022 -1.22617012 0.13873278 7.2% 0.29 [0.22, 0.39] -
Lotan I, 2022 -0.91204483 0.19644333 5.6% 0.40 [0.27, 0.59] L
Reyes-Leiva D, 2022 -1.06069784 0.14446302  7.0% 0.35[0.26, 0.46] _——
Ruan Z, 2021 -1 030895719  3.4% 0.37 [0.20, 0.67]
Subtotal (95% CI) 38.3% 0.27[0.20,0.38] <
Heterogeneity: Tau? = 0.13; Chi? = 32.16, df = 5 (P < 0.00001); I* = 84%
Test for overall effect: Z = 7.91 (P < 0.00001)
1.4.2 Second dose
Doron A, 2022 -1.30103 0.1180914  7.8% 0.27 [0.22, 0.34] —&—
Farina A, 2022 -1.50060235 0.14398054  7.0% 0.22[0.17,0.30) — —
Li HY, 2022 -1.18089014 0.14593933 7.0% 0.31[0.23, 0.41] — =
Lotan |, 2022 -1.07003787 0.20219901 5.5% 0.34[0.23, 0.51] —
Reyes-Leiva D, 2022 -0.95424251 0.14529663  7.0% 0.39[0.29, 0.51] —
Sansone G, 2022 -1.2787536 0.16018082  6.6% 0.28 [0.20, 0.38] ==
Subtotal (95% CI) 40.8% 0.29 [0.25, 0.34] >
Heterogeneity: Tau? = 0.01; Chi* = 8.33, df = 5 (P = 0.14); I = 40%
Test for overall effect: Z = 15.60 (P < 0.00001)
1.4.3 Third dose
Doron A, 2022 -1.32565247 0.12406778  7.6% 0.27 [0.21, 0.34] -
Farina A, 2022 -1.16879202 0.1811689  6.0% 0.31[0.22, 0.44] —
Trinchillo A, 2023 -1.11809931 0.13554839 7.3% 0.33[0.25, 0.43] =
Subtotal (95% Cl) 20.9% 0.30 [0.25, 0.35] >
Heterogeneity: Tau? = 0.00; Chi* = 1.37, df = 2 (P = 0.50); I = 0%
Test for overall effect: Z = 14.92 (P < 0.00001)
Total (95% Cl) 100.0% 0.29 [0.25, 0.33] L 4
Heterogeneity: Tau? = 0.05; Chi = 46.56, df = 14 (P < 0.0001); I2 = 70% sz ofs 1 2 5

Test for overall effect: Z = 17.66 (P < 0.00001)

Favours [experimental] Favours [control]

Test for subaroup differences: Chi? = 0.18. df = 2 (P = 0.92). 7 = 0%

subgroup analysis did not show any significant differ-
ences within subgroups based on the dose of vaccine.

In conclusion, the results of our meta-analysis showed
that few MG patients who received the SARS-CoV-2
vaccines experienced a transient worsening MG. The

worsening MG rate in MG patients with MuSK™ was sig-
nificantly higher than in MG patients with AchR*. Anti-
MuSK-ab positivity is an independent risk factor for dis-
ease deterioration and is associated with poor outcome of
myasthenic crisis [13]. In addition, the MuSK-MG subtype
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Fig.3 Adverse events after

SARS-CoV-2 vaccination in 4.5.1 First dose

MG patients subtyped for dose Doron A, 2022 -0.86530143
of vaccine Farina A, 2022 -0.65066532
Gamez J, 2022 0.00954532
Lotan I, 2022 -0.50930594
Lupica A, 2022 -0.32585358
Pincheira AU, 2022 0.17609126
Reyes-Leiva D, 2022 -0.78837042

Subtotal (95% CI)

Heterogeneity: Tau? = 0.17; Chi? = 48.42, df = 6 (P < 0.00001); I> = 88%

Test for overall effect: Z = 2.53 (P = 0.01)

1.5.2 Second dose

Doron A, 2022 -0.62838893
Farina A, 2022 -0.61887349
Gamez J, 2022 -0.08813609
Lotan I, 2022 -0.38021124
Lupica A, 2022 -0.14893901
Pincheira AU, 2022 0.10473535
Reyes-Leiva D, 2022 -0.5754078

Subtotal (95% CI)

Heterogeneity: Tau? = 0.08; Chi? = 26.11, df = 6 (P = 0.0002); I = 77%
Test for overall effect: Z = 2.69 (P = 0.007)

1.5.3 Third dose
Doron A, 2022
Farina A, 2022
Subtotal (95% Cl)

-0.51723848
-0.58502665

Heterogeneity: Tau? = 0.00; Chi? = 0.09, df = 1 (P = 0.77); I? = 0%

Study or Subgroup 0g[Odds Ratio! SE Weight IV, Random, 95% CI

Test for overall effect: Z = 4.99 (P < 0.00001)

Total (95% CI)

Heterogeneity: Tau? = 0.10; Chi* = 77.65, df = 15 (P < 0.00001); I* = 81%

Odds Ratio Odds Ratio
1V, Random, 95% CI
0.11934163  7.0% 0.42[0.33, 0.53] E—
0.14621932  6.6% 0.520.39, 0.69] I
0.18223949  6.0% 1.011[0.71, 1.44] S
0.20491789  5.6% 0.60 [0.40, 0.90]
021597616  5.4% 0.72[0.47, 1.10] E——
0.13228757  6.8% 1.19[0.92, 1.55) T
0.1470643  6.5% 0.45[0.34, 0.61] -
43.9% 0.65 [0.47, 0.91] e
012331294  6.9% 0.53[0.42, 0.68] —_—
0.15120288  6.5% 0.54 [0.40, 0.72] I
017788794  6.1% 0.92 [0.65, 1.30] T
021768238  5.4% 0.68 [0.45, 1.05]
0.22611057  5.3% 0.86 [0.55, 1.34] I
0.12792043  6.8% 1.11[0.86, 1.43] B
0.1505265  6.5% 0.56 [0.42, 0.76] —
43.5% 0.71 [0.56, 0.91] -
0.1316158  6.8% 0.60 [0.46, 0.77] I
0.18940173  5.9% 0.56 [0.38, 0.81] —
12.7% 0.58 [0.47, 0.72] 4
100.0% 0.67 [0.56, 0.79] >
0.2 05 1 5

Test for overall effect: Z = 4.52 (P < 0.00001)
Test for subaroup differences: Chi* = 1.46. df = 2 (P = 0.48). I = 0%

is deficient in both central and peripheral B-cell tolerance
checkpoints, where the major role appears to be played by
plasmablasts [14]. The COVID-19 vaccine could stimu-
late circulating autoreactive B cells and make MuSK-MG
patients more susceptible. The SARS-CoV-2 vaccines are
relatively safe for MG patients. Therefore, we encouraged
patients with well-controlled MG vaccinated SARS-CoV-2
vaccine, unless there was a specific contraindication.

Funding This work was supported by the National Natural Sci-
ence Foundation of China (No. 81860248; No. 81960224), Sci-
ence and Technology Fund of Guizhou Health Commission (No.
gzwjkj2020-2-005, No.gzwkj2021-024), Cultivation project of
National Natural Science Foundation of China (No.19NSP051), and
the cultivate project 2021 for National Natural Science Foundation
of China, Affiliated Hospital of Guizhou Medical University (No.
gyfynsfc-2021-14).

Declarations

Conflict of interest The authors declare no competing interests.

Ethical approval and Informed consent None.

References

Trinchillo A, Esposito M, Habetswallner F, Tuccillo F, De Mar-
tino BM (2023) COVID19 vaccine in myasthenia gravis patients:
safety and possible predictors of disease exacerbation. Neurol Sci
44(2):447-450. https://doi.org/10.1007/s10072-022-06584-w

@ Springer

Favours [experimental] Favours [control]

Doron A, Piura Y, Vigiser I, Kolb H, Regev K, Nesher N, Karni A
(2022) BNT162b2 mRNA COVID-19 vaccine three-dose safety
and risk of COVID-19 in patients with myasthenia gravis dur-
ing the alpha, delta, and omicron waves. J Neurol 269(12):6193—
6201. https://doi.org/10.1007/s00415-022-11303-8

Farina A, Falso S, Cornacchini S, Spagni G, Monte G, Mari-
ottini A, Massacesi L, Barilaro A, Evoli A, Damato V (2022)
Safety and tolerability of SARS-Cov-2 vaccination in patients
with myasthenia gravis: a multicenter experience. Eur J Neurol
29(8):2505-2510. https://doi.org/10.1111/ene.15348

Gamez J, Gamez A, Carmona F (2022) Safety of mRNA COVID-
19 vaccines in patients with well-controlled myasthenia gravis.
Muscle Nerve 6(5):612—-617. https://doi.org/10.1002/mus.27703
Ishizuchi K, Takizawa T, Sekiguchi K, Motegi H, Oyama M,
Nakahara J, Suzuki S (2022) Flare of myasthenia gravis induced
by COVID-19 vaccines. J Neurol Sci 436:120225. https://doi.org/
10.1016/j.jns.2022.120225

Li HY, Shao LY, Song M, Hu SM, Yue YX, Li HF (2022) Safety
of inactivated SARS-CoV-2 vaccines in myasthenia gravis: a
survey-based study. Front Immunol 13:923017. https://doi.org/
10.3389/fimmu.2022.923017

Lotan I, Hellmann MA, Friedman Y, Stiebel-Kalish H, Steiner I,
Wilf-Yarkoni A (2022) Early safety and tolerability profile of the
BNT162b2 COVID-19 vaccine in myasthenia gravis. Neuromuscul
Disord 32(3):230-235. https://doi.org/10.1016/j.0md.2022.01.013
Lupica A, Di Stefano V, lacono S, Pignolo A, Quartana M,
Gagliardo A, Fierro B, Brighina F (2022) Impact of COVID-19
in AChR myasthenia gravis and the safety of vaccines: data from
an Italian cohort. Neurol Int 14(2):406—416. https://doi.org/10.
3390/neurolint14020033

Reyes-Leiva D, Lopez-Contreras J, Moga E, Pla-Junca F, Lyn-
ton-Pons E, Rojas-Garcia R, Turon-Sans J, Querol L, Olive M,
Alvarez-Velasco R, Caballero-Avila M, Carbayo A, Vesperinas-
Castro A, Domingo P, Illa I, Gallardo E, Cortes-Vicente E (2022)
Immune response and safety of SARS-CoV-2 mRNA-1273 vac-
cine in patients with myasthenia gravis. Neurol Neuroimmunol


https://doi.org/10.1007/s10072-022-06584-w
https://doi.org/10.1007/s00415-022-11303-8
https://doi.org/10.1111/ene.15348
https://doi.org/10.1002/mus.27703
https://doi.org/10.1016/j.jns.2022.120225
https://doi.org/10.1016/j.jns.2022.120225
https://doi.org/10.3389/fimmu.2022.923017
https://doi.org/10.3389/fimmu.2022.923017
https://doi.org/10.1016/j.nmd.2022.01.013
https://doi.org/10.3390/neurolint14020033
https://doi.org/10.3390/neurolint14020033

Neurological Sciences (2023) 44:2999-3003

3003

11.

12.

Neuroinflamm 9(4):e200002. https://doi.org/10.1212/NXI1.00000
00000200002

. Ruan Z, Tang Y, Li C, Sun C, Zhu Y, Li Z, Chang T (2021)

COVID-19 vaccination in patients with myasthenia gravis: a
single-center case series. Vaccines (Basel) 9(10):1112. https://
doi.org/10.3390/vaccines9101112

Sansone G, Bonifati DM (2022) Vaccines and myasthenia
gravis: a comprehensive review and retrospective study of
SARS-CoV-2 vaccination in a large cohort of myasthenic
patients. J Neurol 269(8):3965-3981. https://doi.org/10.1007/
s00415-022-11140-9

Urra Pincheira A, Alnajjar S, Katzberg H, Barnett C, Daniyal
L, Rohan R, Bril V (2022) Retrospective study on the safety
of COVID-19 vaccination in myasthenia gravis. Muscle Nerve
66(5):558-561. https://doi.org/10.1002/mus.27657

13.

14.

Nelke C, Stascheit F, Eckert C, Pawlitzki M, Schroeter CB, Hunte-
mann N et al (2022) Independent risk factors for myasthenic crisis
and disease exacerbation in a retrospective cohort of myasthenia
gravis patients. J Neuroinflammation 19(1):89. https://doi.org/10.
1186/512974-022-02448-4

Stathopoulos P, Kumar A, Heiden JAV, Pascual-Goni E, Nowak
RJ, O’Connor KC (2018) Mechanisms underlying B cell immune
dysregulation and autoantibody production in MuSK myasthenia
gravis. Ann N 'Y Acad Sci 1412(1):154-165. https://doi.org/10.
1111/nyas.13535

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1212/NXI.0000000000200002
https://doi.org/10.1212/NXI.0000000000200002
https://doi.org/10.3390/vaccines9101112
https://doi.org/10.3390/vaccines9101112
https://doi.org/10.1007/s00415-022-11140-9
https://doi.org/10.1007/s00415-022-11140-9
https://doi.org/10.1002/mus.27657
https://doi.org/10.1186/s12974-022-02448-4
https://doi.org/10.1186/s12974-022-02448-4
https://doi.org/10.1111/nyas.13535
https://doi.org/10.1111/nyas.13535

	Safety of SARS-CoV-2 vaccines in patients with myasthenia gravis: a meta-analysis
	References


