PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Asadi-Pooya AA, Nemati M, Shahisavandi
M, Nemati H, Karimi A, Jafari A, et al. (2024) How
does COVID-19 vaccination affect long-COVID
symptoms? PLoS ONE 19(2): 0296680. https:/
doi.org/10.1371/journal.pone.0296680

Editor: Peivand Bastani, Flinders University,
AUSTRALIA

Received: January 22, 2023
Accepted: December 14, 2023
Published: February 7, 2024

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0296680

Copyright: © 2024 Asadi-Pooya et al. This is an
open access article distributed under the terms of
the Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: Data sharing is only
possible with permission from Shiraz University of
Medical Sciences. Data are owned by the vice
chancellor for Medical Affairs at Shiraz University
of Medical sciences and the Institutional Review

RESEARCH ARTICLE

How does COVID-19 vaccination affect
long-COVID symptoms?

Ali A. Asadi-Pooya®'2*, Meshkat Nemati', Mina Shahisavandi', Hamid Nemati’,
Afrooz Karimi®', Anahita Jafari', Sara Nasiri', Seyyed Saeed Mohammadi'?,
Zahra Rahimian', Hossein Bayat', Ali Akbari*, Amir Emami®°, Owrang Eilami®

1 Epilepsy Research Center, Shiraz University of Medical Sciences, Shiraz, Iran, 2 Department of
Neurology, Jefferson Comprehensive Epilepsy Center, Thomas Jefferson University, Philadelphia, PA,
United States of America, 3 Cardiovascular Research Center, Shiraz University of Medical Sciences, Shiraz,
Iran, 4 Department of Anesthesiology, School of Medicine, Shiraz University of Medical Sciences, Shiraz,
Iran, 5 Burn & Wound Healing Research Center, Shiraz University of Medical Sciences, Shiraz, Iran, 6 HIV
and AIDS Research Center, Department of Infectious Disease and Family Medicine, Shiraz University of
Medical Science, Shiraz, Iran

* aliasadipooya @yahoo.com

Abstract

Objective
The current study aimed to identify the association between COVID-19 vaccination and pro-

longed post-COVID symptoms (long-COVID) in adults who reported suffering from this
condition.

Methods

This was a retrospective follow-up study of adults with long-COVID syndrome. The data
were collected during a phone call to the participants in January-February 2022. We inquired
about their current health status and also their vaccination status if they agreed to
participate.

Results

In total, 1236 people were studied; 543 individuals reported suffering from long long- COVID
(43.9%). Chi square test showed that 15 out of 51 people (29.4%) with no vaccination and
528 out of 1185 participants (44.6%) who received at least one dose of any vaccine had
long long- COVID symptoms (p = 0.032).

Conclusions

In people who have already contracted COVID-19 and now suffer from long-COVID, receiv-
ing a COVID vaccination has a significant association with prolonged symptoms of long-
COVID for more than one year after the initial infection. However, vaccines reduce the risk
of severe COVID-19 (including reinfections) and its catastrophic consequences (e.g.,
death). Therefore, it is strongly recommended that all people, even those with a history of
COVID-19, receive vaccines to protect themselves against this fatal viral infection.
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1. Introduction

The WHO (World Health Organization) declared a COVID-19 pandemic on March 2020.
COVID-19 is a global problem and many people got infected during this pandemic. Further-
more, in some patients, this disease was not limited to the acute phase [1-3]. COVID-19 may
cause post-acute phase lingering symptoms; this is called long-COVID syndrome or post-
COVID-19 condition [4]. Long-COVID syndrome is characterized by chronic symptoms of
fatigue, cough, exercise intolerance, cognitive dysfunction, etc. This condition has been
reported by many adults who survived COVID-19 [5-8].

In a previous study of 4,681 adult participants, we observed that 62% of the survivors of
severe COVID-19 (requiring hospitalization) reported suffering from long-COVID
symptoms [8].

The underpinning pathomechanisms of long-COVID are not entirely clear yet; however,
immunological responses to the infection may play significant roles in causing post-acute
phase lingering symptoms of COVID-19. Post-COVID immunological dysfunction may per-
sist for months [9, 10]. Therefore, it is plausible to hypothesize that COVID vaccination may
affect the symptoms of post-COVID condition by manipulating the immune system.

Vaccination against COVID-19 can reduce the death rate and hospitalization rate related to
COVID-19 [11]. However, how vaccinations can impact long-term symptoms of post-COVID
condition need to be investigated [12]. A few studies suggested that there is a relationship
between receiving a vaccination and getting long COVID-19 syndrome [3, 13].

In the current study, we aimed to identify the longevity of symptoms associated with long-
COVID in adults who had reported suffering from this condition (in our previous study [8])
in association with their COVID vaccination status.

2. Methods

2.1. Participants

This was a follow-up study of 4,681 adult patients with COVID-19 who had documented posi-
tive tests on real-time polymerase chain reaction for COVID-19 from our previous study [8].
We randomly selected every other participant in our database of patients from our previous
study (sorted by their phone numbers in the database). If someone did not answer our phone
call, we selected the previous patient in the list who was initially skipped.

2.2. Data collection

For all the participants, the current data (S1 Appendix that was adopted from phase 1 of the
study) were collected during a phone call interview in January-February 2022 (11 months after
the initial study and more than 14 months after their hospital admission due to COVID-19).
After obtaining oral consent over the phone to share their information for research purposes,
we inquired about their current health status and if they agreed to participate in the study
(consented orally). We asked whether the patient has noticed any particular problems during
the past seven days, compared with their pre-COVID-19 condition. We specifically asked
about experiencing these problems during the past seven days in order to minimize the risk of
recall bias. We defined long long-COVID (long-COVID lasting more than one year after the
initial infection and hospitalization) as patients who had reported long COVID-19-associated
symptoms and complaints in phase 1 of the study and who also had the same symptoms and
complaints in the current follow-up phase of the study.

We asked whether the patients experienced another episode of COVID-19 (after phase 1 of
the study; self-declared); we excluded patients with a COVID-19 reinfection. Finally, we asked
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whether the patients received any COVID-19 vaccines (and the number of doses they
received). It is noteworthy to mention that the COVID-19 mass vaccination program in Iran
started after phase 1 of this study, so none of the people could have received any vaccine before
their enrollment in this study (at phase 1).

2.3. Statistical analyses

Kolmogorov-Smirnov normality test was performed. Values were presented as

mean + standard deviation (SD) or median/ interquartile range (IQR) (based on their normal-
ity) for continuous variables and as the number (percent) of subjects for categorical variables.
We categorized the vaccination status as not vaccinated vs. vaccinated (i.e., 1 or 2, or 3 doses).
We investigated whether the persistence of long long-COVID (long-COVID lasting more than
one year after the initial infection) had any associations with the vaccination status of the par-
ticipants. The following statistical tests were applied as appropriate: Chi-square test and t-test.
Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated by logistic regression
test. A p-value (2-sided) less than 0.05 was considered significant.

2.4. Standard protocol and ethics approvals

The Shiraz University of Medical Sciences Institutional Review Board approved this study (IR.
SUMS.Rec.1399.022 & m/h/19/91/8225). Informed consent was obtained from all the
participants.

3. Results

We made 4112 phone calls of which 1419 were not answered, 220 people refused to participate
in the study, 90 individuals were deceased, and 395 persons reported experiencing reinfection
with COVID-19. In total, 1988 people were included in the current study [1041 male (52.4%)
and 947 female (47.6%) participants]. The median age of the participants was 52 years (mini-
mum: 18, maximum: 97, and interquartile range: 23 years). Of the studied participants, 1236
people (62.2%) reported having long-COVID in phase 1 of the study; these were selected for
the next steps of the analyses.

In the current phase, 543 (27.3%) individuals reported suffering from long long-COVID
(43.9% of those with long-COVID in phase 1). (8) Fifty-one people (4.1%) never received any
vaccine and 1185 individuals received at least one dose of a vaccine [24 individuals (1.9%)
received one dose, 392 persons (31.7%) received two doses, and 769 participants (62.2%)
received three doses of a COVID-19 vaccine]. The follow-up durations of the participants
(after their initial infection) based on their vaccination status were not significantly different:
not vaccinated (17.1+1.9 months) vs any doses of vaccine (16.8+2.1 months); p = 0.350.

We investigated whether the persistence of long-COVID (long long-COVID) had any asso-
ciations with the vaccination status of the participants. Chi-square test showed that 15 out of
51 people (29.4%) with no vaccination and 528 out of 1185 participants (44.6%) with any
doses of vaccine had long long-COVID (p = 0.032; univariate analysis); 11 out of 24 (45.8%) of
those with one dose, 181 out of 392 (46.2%) of the participants with two doses, and 336 out of
769 (43.7%) of the people with three doses of vaccine had long long-COVID. Table 1 shows
long long-COVID symptoms in association with the vaccination status of the participants.
When binary logistic regression test was applied (vaccination status and sex as covariates and
experiencing long long-COVID as the dependent variable), sex was not associated with
experiencing long long-COVID (p = 0.454) while receiving any dose of COVID vaccine was
significantly associated with long long-COVID (p = 0.032; OR = 1.96; 95% CI: 1.06-3.63).
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Table 1. Long long-COVID symptoms in association with the vaccination status of the participants*.

Lingering symptoms
Muscle weakness
Muscle pain

Joint pain

Fatigue

Sleep difficulty
Shortness of breath
Chest pain
Palpitation

Cough

Excess sputum

Loss of smell

Loss of taste

Sore throat
Headache

Dizziness
Concentration difficulty
Excess sweating
Exercise difficulty
Walking difficulty
Diarrhea
Abdominal pain
Loss of appetite
Long Long-COVID

*Some patients reported multiple symptoms.

** Chi-square test.

Vaccinated people (N = 1185) Unvaccinated people (N = 51) P value™*
152 (12.8%) 3 (5.9%) 0.142
95 (8%) 0 -
96 (8.1%) 1(1.9%) 0.110
238 (20.1%) 5(9.8%) 0.070
45 (3.8%) 2(3.9%) 0.963
151 (12.7%) 4 (7.8%) 0.300
31 (2.6%) 0 -
33 (2.8%) 0 -
45 (3.8%) 1(1.9%) 0.497
25 (2.1%) 1(1.9%) 0.942

17 (1.4%) 1(1.9%) 0.758

4(0.3%) 0 -

6 (0.5%) 0 -

35 (2.9%) 1(1.9%) 0.679

22 (1.9%) 0 -

43 (3.6%) 0 -

15 (1.3%) 1(1.9%) 0.667
200 (16.9%) 6 (11.8%) 0.337
143 (12.1%) 4(7.8%) 0.361

5 (0.4%) 0 -

7 (0.6%) 0 -

5 (0.4%) 0 -
528 (44.6%) 15 (29.4%) 0.032%+*

*** The chi-square statistic with Yates correction is 3.959. The p-value is 0.046.

https://doi.org/10.1371/journal.pone.0296680.t001

4. Discussion

As of 15 February 2022, 73.5% of the population in Iran received at least one dose, 65.3% two
doses, and 25.7% received their third (booster) dose of a COVID vaccine field [14]. In the cur-
rent study of adult participants with severe COVID-19 (requiring hospitalization) and subse-
quent long-COVID syndrome, we observed that receiving the COVID-19 vaccine had a
significant association with prolonged symptoms of long-COVID for more than one year after
the initial infection (long long-COVID). Contrary to our finding, a recent report (not an ana-
Iytical study) noted that some people have found that their post-acute phase COVID-related
symptoms decreased or disappeared after receiving at least one dose of a COVID-19 vaccine
[15]. An article suggested that COVID-19 vaccination is associated with a lower risk of several,
but not all, COVID-19 sequelae in those with breakthrough SARS-CoV-2 infection (a concept
that is different from our objective) [11].

Having said all the above, we should keep in mind that in general, vaccines reduce the risk of
long-COVID by lowering the chances of contracting COVID-19, in the first place [16]. In addition,
vaccines reduce the risk of severe COVID-19 (including reinfections) and its catastrophic conse-
quences (e.g., death). In one recent study, infection-acquired immunity boosted with vaccination
remained high for more than one year after infection (longer than that with two doses of vaccines)
[17]. Therefore, it is strongly recommended that all people, even those with a history of COVID-
19, receive vaccines to protect themselves against this fatal viral infection.
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Previous studies have suggested that a severe COVID-19 (e.g., requiring hospitalization)
may cause a more severe immune response and cytokine storm, and therefore, may cause
more long-lasting organ damage (e.g., to the brain, lungs, etc.) [5-8]. Another similar possibil-
ity that might explain the symptoms of long-COVID is that the lingering immune response
triggered by the initial infection can generate antibodies and other immunological reactions
against various organs [9, 10]. Other hypothetical explanations for long-COVID include a per-
sistent viral reservoir and also “viral ghosts”, which are fragments of the virus that linger after
the infection has been cleared, but are still capable of stimulating the immune system [18].

On the other hand, different vaccines against SARS-CoV-2 stimulate the human immune
system to provide protective immunity against the virus. The evidence from animal studies
supports the idea that antibodies targeting the SARS-CoV-2 spike protein, the same protein
that many vaccines use to trigger a protective immune response, might cause collateral damage
[19, 20]. A recent study suggested that virus-mimicking anti-idiotype antibodies that are pres-
ent after infection or after vaccination may potentially explain some of the long-COVD symp-
toms [21]. Therefore, it is plausible to hypothesize that vaccines may prolong the existing
symptoms of long COVID by stimulating the immune response. A recent report even sug-
gested that vaccines may rarely cause long-COVID-like symptoms (without a history of infec-
tion) [19]. However, a study of the effectiveness of the COVID-19 vaccine in the prevention of
post-COVID-19 conditions suggested that COVID-19 vaccination both before and after hav-
ing COVID-19 significantly decreased post-COVID-19 conditions during the study period
although vaccine effectiveness was low [22]. Future studies should specifically investigate the
underlying pathophysiology of long-COVID and its relation to various types of COVID vac-
cines [23]. There are other studies that suggested COVID-19 vaccination may improve long
COVID symptoms [24, 25]. However, one research conducted in India, concluded that devel-
oping long-COVID was related to receiving the vaccination [26]. In another study, some
symptoms of long-COVID include hair loss and ocular symptoms worsened by vaccination
[27]. Finally, one study did not find any significant associations between long-COVID symp-
toms and vaccination [28].

In our internal discussions, we discussed the issue that reporting any potential adverse
effects of COVID vaccines may embolden the position of anti-vaccine movements and may
harm vaccine-hesitant people. However, we came to the conclusion that the scientific commu-
nity has the obligation to investigate the potential adverse effects of any and all vaccines and
clearly and without any political considerations report them to the public. This strategy would
strengthen the position of the scientific community in the eyes of the public, so when the scien-
tific community announces that the benefits of COVID-19 vaccines (prevention of severe ill-
ness and death) outweigh the potential risks and adverse effects significantly, the public trust
the scientific community. Furthermore, this move enables the scientific community to recog-
nize the pitfalls and adverse effects of the existing vaccines and paves the road for further inves-
tigations to improve the development of better vaccines in the future. Understanding adverse
effects that are potentially associated with vaccines could help those currently suffering and, if
a link is established, it could not only help guide the design of the next generation of vaccines
but also perhaps identify those at high risk for serious adverse effects [19]. After all, “we should
not be averse to adverse events” [19].

5. Limitations

The data on long long-COVID were not collected prospectively. In addition, we did not inves-
tigate asymptomatic reinfections in this study. Furthermore, we did not undertake any objec-
tive measures to study the symptoms, and we did not have a control group. Finally, we could
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not ask about the types of vaccines that the patients received due to the specifications in our
ethical approval from the Shiraz University of Medical Sciences Institutional Review Board. As
of 15 February 2022, 11 COVID vaccines have received approval for use in Iran [29].

6. Conclusion

In people who have already contracted COVID-19 and now suffer from long-COVID, receiv-
ing a COVID-19 vaccination has a significant association with prolonged symptoms of long-
COVID for more than one year after the initial infection. Having said that, vaccines generally
reduce the risk of long-COVID by lowering the chances of contracting COVID-19, in the first
place. Furthermore, vaccines reduce the risk of severe COVID-19 (including reinfections) and
its catastrophic consequences (e.g., death). Therefore, it is strongly recommended that all peo-
ple, even those with a past history of COVID-19, receive vaccines to protect themselves against
this fatal viral infection. Future studies should specifically investigate the underlying patho-
physiology of long-COVID and its relation to various types of COVID vaccines.

Supporting information

S1 Checklist. STROBE statement-checklist of items that should be included in reports of
cross-sectional studies.
(DOCX)

S1 Appendix. Long long-COVID and vaccine study, Fars, Iran.
(DOCX)

S1 File. Inclusivity in global research.
(DOCX)

Author Contributions

Data curation: Meshkat Nemati, Mina Shahisavandi, Hamid Nemati, Afrooz Karimi, Anahita
Jafari, Sara Nasiri, Seyyed Saeed Mohammadi, Zahra Rahimian, Hossein Bayat, Ali Akbari,
Amir Emami, Owrang Eilami.

Funding acquisition: Hamid Nemati.
Supervision: Ali A. Asadi-Pooya.
Visualization: Ali A. Asadi-Pooya.

Writing - original draft: Ali A. Asadi-Pooya.

Writing - review & editing: Ali A. Asadi-Pooya.

References

1. AdilMT, Rahman R, Whitelaw D, Jain V, Al-Taan O, Rashid F, et al. SARS-CoV-2 and the pandemic of
COVID-19. 2021; 97(1144):110-6.

2. GaoZ,XuY,SunC,WangX, GuoY, Qiu S, etal. A systematic review of asymptomatic infections with
COVID-19. 2021; 54(1):12-6.

3. Senjam SS, Balhara YPS, Kumar P, Nichal N, Manna S, Madan K, et al. Assessment of post COVID-19
health problems and its determinants in North India: a descriptive cross section study. 2021:2021.10.
03.21264490.
https://apps.who.int/iris/handle/10665/345824/ accessed on 17 February 2022.

5. Sudre CH, Murray B, Varsavsky T, Graham MS, Penfold RS, Bowyer RC, et al. Attributes and predic-
tors of long COVID. 2021; 27(4):626-31.

PLOS ONE | https://doi.org/10.1371/journal.pone.0296680 February 7, 2024 6/7


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0296680.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0296680.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0296680.s003
https://apps.who.int/iris/handle/10665/345824/
https://doi.org/10.1371/journal.pone.0296680

PLOS ONE

Vaccine and long-COVID

10.

11.

12

13.

14.
15.
16.
17.

18.
19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Sykes DL, Holdsworth L, Jawad N, Gunasekera P, Morice AH, Crooks MGJL. Post-COVID-19 symptom
burden: what is long-COVID and how should we manage it? 2021; 199:113-9.

Jacobson KB, Rao M, Bonilla H, Subramanian A, Hack |, Madrigal M, et al. Patients with uncomplicated
coronavirus disease 2019 (COVID-19) have long-term persistent symptoms and functional impairment
similar to patients with severe COVID-19: a cautionary tale during a global pandemic. 2021; 73(3):
e826—e9.

Asadi-Pooya AA, Akbari A, Emami A, Lotfi M, Rostamihosseinkhani M, Nemati H, et al. Risk factors
associated with long COVID syndrome: a retrospective study. 2021; 46(6):428.

Phetsouphanh C, Darley DR, Wilson DB, Howe A, Munier CML, Patel SK, et al. Immunological dysfunc-
tion persists for 8 months following initial mild-to-moderate SARS-CoV-2 infection. 2022; 23(2):210-6.
DOI: 10.1038/s41590-021-01113-x PMID: 35027728

Ryan FJ, Hope CM, Masavuli MG, Lynn MA, Mekonnen ZA, Yeow AEL, et al. Long-term perturbation of
the peripheral immune system months after SARS-CoV-2 infection. 2022; 20(1):1-23.

Taquet M, Dercon Q, Harrison PJJB, behavior, immunity. Six-month sequelae of post-vaccination
SARS-CoV-2 infection: a retrospective cohort study of 10,024 breakthrough infections. 2022; 103:154—
62.

Magazzino C, Mele M, Coccia MJE, Infection. A machine learning algorithm to analyse the effects of
vaccination on COVID-19 mortality. 2022; 150:e168. https://doi.org/10.1017/S0950268822001418
PMID: 36093862

Notarte Kl, Catahay JA, Velasco JV, Pastrana A, Ver AT, Pangilinan FC, et al. Impact of COVID-19 vac-
cination on the risk of developing long-COVID and on existing long-COVID symptoms: A systematic
review. 2022; 53:101624.

https://ourworldindata.org/covid-vaccinations?country=OWID_WRL/ accessed on 17 February 2022.
Belluck PUNYT. Some Long Covid Patients Feel Much Better After Getting the Vaccine. 2021.
Ledford HJN. Do vaccines protect against long COVID? What the data say. 2021:546-8.

Hall V, Foulkes S, Insalata F, Kirwan P, Saei A, Atti A, et al. Protection against SARS-CoV-2 after
Covid-19 Vaccination and Previous Infection. N Engl J Med. 2022; 386(13):1207—-20. https://doi.org/10.
1056/NEJMoa2118691 PMID: 35172051

Iwasaki A. How Vaccines Might Improve Long Covid. Elemental; 2021.

Couzin-Frankel J, Vogel GJS. Vaccines may cause rare, Long Covid-like symptoms. 2022; 375
(6579):364—-6.

Kreye J, Reincke SM, Kornau H-C, Sanchez-Sendin E, Corman VM, Liu H, et al. A therapeutic non-self-
reactive SARS-CoV-2 antibody protects from lung pathology in a COVID-19 hamster model. 2020; 183
(4):1058-69. e19.

Murphy WJ, Longo DLJNEJoM. A possible role for anti-idiotype antibodies in SARS-CoV-2 infection
and vaccination. 2022; 386(4):394—6.

Marra AR, Kobayashi T, Suzuki H, Alsuhaibani M, Hasegawa S, Tholany J, et al. The effectiveness of
coronavirus disease 2019 (COVID-19) vaccine in the prevention of post—-COVID-19 conditions: A sys-
tematic literature review and meta-analysis. 2022; 2(1):e192. DOI: 10.1017/ash.2022.336 PMID:
36505947

Fernandez-de-Las-Pefias C, Ortega-Santiago R, Fuensalida-Novo S, Martin-Guerrero JD, Pellicer-
Valero OJ, Torres-Macho JJV. Differences in Long-COVID Symptoms between Vaccinated and Non-
Vaccinated (BNT162b2 Vaccine) Hospitalized COVID-19 Survivors Infected with the Delta Variant.
2022; 10(9):1481.

Scherlinger M, Pijnenburg L, Chatelus E, Arnaud L, Gottenberg J-E, Sibilia J, et al. Effect of SARS-
CoV-2 vaccination on symptoms from post-acute sequelae of COVID-19: results from the nationwide
VAXILONG study. 2022; 10(1):46.

Tran V-T, Perrodeau E, Saldanha J, Pane |, Ravaud P. Efficacy of COVID-19 vaccination on the symp-
toms of patients with long COVID: a target trial emulation using data from the ComPaRe e-cohort in
France. 2021.

Arjun M, Singh AK, Pal D, Das K, Gajjala A, Venkateshan M, et al. Prevalence, characteristics, and pre-
dictors of Long COVID among diagnosed cases of COVID-19. 2022:2022.01. 04.21268536.

Peghin M, De Martino M, Palese A, Gerussi V, Bontempo G, Graziano E, et al. Post-COVID-19 syn-
drome and humoral response association after 1 year in vaccinated and unvaccinated patients. 2022;
28(8):1140-8.

Wisnivesky JP, Govindarajulu U, Bagiella E, Goswami R, Kale M, Campbell KN, et al. Association of
vaccination with the persistence of post-COVID symptoms. 2022; 37(7):1748-53.

https://covid19.trackvaccines.org/country/iran-islamic-republic-of/ accessed on 17 February 2022.

PLOS ONE | https://doi.org/10.1371/journal.pone.0296680 February 7, 2024 7/7


https://doi.org/10.1038/s41590-021-01113-x
http://www.ncbi.nlm.nih.gov/pubmed/35027728
https://doi.org/10.1017/S0950268822001418
http://www.ncbi.nlm.nih.gov/pubmed/36093862
https://ourworldindata.org/covid-vaccinations?country=OWID_WRL/
https://doi.org/10.1056/NEJMoa2118691
https://doi.org/10.1056/NEJMoa2118691
http://www.ncbi.nlm.nih.gov/pubmed/35172051
https://doi.org/10.1017/ash.2022.336
http://www.ncbi.nlm.nih.gov/pubmed/36505947
https://covid19.trackvaccines.org/country/iran-islamic-republic-of/
https://doi.org/10.1371/journal.pone.0296680

