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Backgrounds: Reports show that vaccination against influenza could elicit nonspecific 
immune reactions against coronavirus disease-19 (COVID-19). The present research aimed 
to evaluate the prevalence of COVID-19 disease among the staff of Shahid Beheshti hospital 
in Kashan despite vaccination against influenza. 
Materials & Methods:  This study was performed on 1400 employees of Shahid Beheshti 
hospital in Kashan from February to August 2020. Personnel whose disease was confirmed 
by PCR test or CT scan were considered to have COVID19-. In the present research, the 
relationship between influenza vaccination and the incidence of COVID19- infection was 
evaluated. The collected data were analyzed by SPSS software Version 26. 
Findings: Out of a total of 1400 hospital personnel participating in this study, 272 people 
were diagnosed as COVID-19. Among 272 patients, 23 (8.45%) cases were vaccinated. The 
average age of vaccinated patients was 33.48 ± 12.72 years, of whom 14 (60.87%) patients 
were female. Vaccination was significantly associated with prevention of COVID-19 infection 
(p< .05). The study of odds ratio (OR) to evaluate the effect of vaccination showed that the OR 
was 0.61 (95% CI: 0.39- 0.97). There was a significant difference in SpO2, type of treatment, 
and lung involvement based on CT between the two groups of vaccinated and unvaccinated 
COVID-19 patients (p< .05).
Conclusion:  In vaccinated group, COVID19- was lower than of the no influenza vaccinated 
group. According to the results, the use of influenza vaccine as an effective vaccine against the 
new coronavirus strains could be helpful in controlling the disease. 
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Introduction 
In December 2019, a new viral infection 
was recorded in Wuhan city in Hubei 
province, central China. The causative agent 
was later called SARS-CoV-2 (severe acute 
respiratory syndrome coronavirus 2) and 
found to be a member of the Coronaviridae 
family, and the disease causing an ongoing 
pandemic was named coronaviridae disease 
2019 (COVID-19). So far, COVID-19 has 
caused a large number of deaths and more 
than 90 000 confirmed cases. Accordingly, 
The World Health Organization (WHO) 
has declared COVID-19 as a public health 
emergency of international concern (PHEIC) 
[1]. COVID-19 co-infections with other 
respiratory pathogens are a new concern 
which might increase the disease symptoms 
and mortality. Both influenza virus A/B 
and SARS-CoV-2 are airborne pathogens 
that cause a wide range of asymptomatic/
mild to severe diseases and even death. 
Several studies have shown that co-infection 
of SARS-CoV-2 with influenza virus (type 
A/B) increases the severity of SARS-CoV-2 
infection [2, 3].
Unfortunately, studies have reported the 
overlap of clinical signs of influenza virus 
A/B and SARS-CoV-2 infections during 
the COVID-19 pandemic. Coinfection with 
COVID-19 and flu in large populations is 
of great concern. Up to now, there are no 
COVID-19-specific strategies to improve 
vaccination and prevent the disease 
incidence. Therefore, policies to improve 
COVID-19 vaccination are vital to prevent 
the spread of SARS-CoV-2, especially among 
healthcare personnel who are at higher risk 
of SARS-CoV-2 infection. These strategies 
might help reduce the risk or severity of 
COVID-19 disease, especially among cases 
co-infected with influenza virus A/B and 
COVID-19, who are at higher risk of the 
disease exacerbation. 
Huang et al. (2021) proposed that although 

the flu vaccine might confer only modest 
protection against SARS-CoV-2, influenza 
vaccine could be effective in reducing the 
incidence of  COVID-19 co-infection with 
influenza [4]. In a study by Taghioff et al. 
(2021) on the impact of the flu vaccine on 
patients with COVID-19, patients vaccinated 
against influenza were shown to have 
significantly fewer signs, such as sepsis, 
acute myocardial infarction, dehiscence, 
thrombosis, etc [5]. In another study in Brazil 
in 2020, the results showed that the flu 
vaccine could be used as an adjuvant during 
the COVID-19 pandemic in Brazil. They 
reported that invasive ventilation, chance of 
ICU admission, and death were significantly 
lower in vaccinated COVID-19 patients [6]. 
The results of various studies confirm the 
effectiveness of influenza vaccination in 
reducing the severity of COVID-19 infection 
[6-10]. On the contrary, studies by Martí�nez-
Baz et al. (2020) and Kissling et al. (2021) 
have indicated that the flu vaccine could not 
induce a significant protection against SARS-
CoV-2 infection [11, 12].
Previous studies suggest that the flu vaccine 
might decrease the risk of developing 
COVID-19 disease. Furthermore, considering 
that influenza vaccines are now accessible 
in developing countries, vaccination might 
be a safe and rapid choice to reduce the 
prevalence of COVID-19 infection. Given that 
few studied have investigated the effect of the 
flu vaccine on COVID-19 patients in Kashan, 
Iran, evaluating the association between 
influenza vaccination and the incidence of 
COVID-19 infection in this region seems to 
be of great importance. 
Objectives:  This study aimed to analyze 
COVID-19 cases in Kashan, Iran in 2020 and 
to compare vaccinated and unvaccinated 
patients against influenza in terms of 
duration of hospitalization, duration of 
absence from work, severity of the disease,  
percentage of blood oxygen saturation, and 
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presence of underlying diseases.

Materials and Methods
Patients and study design: This analytical 
cross-sectional research was carried out 
on 1400 personnel of Shahid Beheshti 
hospital in Kashan, Iran (including nurses, 
paramedics, maids, interns, assistants, 
and doctors) from February to August 
2020. These personnel had contact with 
COVID-19 infected patients. This study was 
approved by the Ethics Committee of Kashan 
University of Medical Sciences (approval 
number: IR.KAUMS.MEDNT.REC.1400.150).
Study protocol: The list of the hospital 
personal infected with COVID-19 as well 
as the names of those who received the 
Netherlands-made flu vaccine by the 
hospital’s vaccination unit in 2018 were 
obtained from the nursing and management 
office. Detailed information was obtained 
from patients’ hospitalization files archived 

in the hospital’s medical records center. 
Data extracted from electronic medical 
records included demographic and clinical 
variables. The exclusion criterion was the 
incompleteness of people’s files. Participants’ 
COVID-19 disease was proven and considered 
positive based on throat swab test, real-
time PCR method, or lung involvement (by 
CT scan). The required information was 
obtained through phone calls and medical 
files in case of hospitalization. Vaccinated 
and unvaccinated COVID-19 patients were 
examined in terms of type of treatment, 
length of hospitalization, length of absence 
from work, severity of the disease, 
percentage of blood oxygen saturation 
(SpO2), and presence of underlying diseases. 
The information was checked for accuracy. 
The vaccination and disease statuses of the 
study participants are shown in Figure1.
Statistical analysis: Descriptive statistics 
and inferential statistics were analyzed 

Figure 1) Patient selection among 1400 personal of Shahid Beheshti hospital in Kashan, Iran: 171 personnel 
received influenza vaccine, and 1229 personnel did not receive influenza vaccine. In the vaccinated group, 23 
people were with a COVID19- exposure history, and 148 people were without a COVID19- exposure history. In 
the unvaccinated group, 249 people were with a COVID19- history, and 980 people were without a COVID19- 
exposure history.
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by SPSS software Version 26. Qualitative 
variables were compared by Chi-square test, 
and quantitative variables were compared 
using student’s t-test. The significance level 
was considered at p-value < .05. 

                                                                                                                                                                
Findings
Demographic and epidemiological 
characteristics: This study was conducted 
on 1400 hospital personal, of whom 
272 (19.43%) cases were infected with 
COVID-19. Among 1400 personal, 12.21% 
(n=171) were vaccinated, and 87.78% 
(1229) were unvaccinated. The COVID-19 
patients participating in the study had a 
positive PCR test or a positive chest CT scan. 
About 8.45% (23 of 272) of the participants 
with COVID-19 received an influenza 
vaccine between February to August 2020, 
while 91.55% (249 of 272) of the COVID-19 
infected participants were not vaccinated 
against influenza, they were selected as a 
comparison group in this investigation. The 

odds ratio (OR) of developing COVID-19 
for vaccinated personnel was 0.61 times 
that of unvaccinated personnel (95% CI: 
0.39–0.97). Unvaccinated personnel were 
significantly more infected with COVID-19 
(p-value< .05) compared to vaccinated 
personnel. The study participants’ 
demographic information is shown in Table 
1. The range age was 33.48±12.72 years 
for vaccinated COVID-19 patients (n=23) 
and 34.77±10.38 years for unvaccinated 
patients (n=249). The majority of vaccinated 
COVID-19 patients (14 of 23, 60.87%) were 
female, while the majority of unvaccinated 
patients (128 of 249, 51.4%) were male. 
There was no significant difference in gender 
between the two groups of vaccinated and 
unvaccinated COVID-19 patients (p= .06). 
Characteristics of underlying diseases: 
The underlying diseases of COVID-19 
patients in both groups were analyzed. No 
significant difference was found between 
the two groups in terms of underlying 

P-Value*Unvaccinated 
Mean±SD/N(% )

Vaccinated  
Mean±SD/N(%)Variable

--249 (91.55)23(8.45)Total

.7634.77±10.3833.48±12.72Age

.06
128 (51.4)9 (39.13)Male  

Gender
118 (47.39)14 (60.87)Female

.3512 (4.82)2 (8.69)Underlying diseases

.818.47±3.318±2.6Length of hospital stay

.001
219 (87.95)22 (95.65)                            Outpatient

Patients group
30 (12.05)1 (4.35)                          Inpatient 

.04
199 (79.92)21 (91.31)                         93%<

SpO2
50 (20.08)2 (8.69)                         93%<

.01128 (51.4)8 (34.78)Lung involvement based on CT

0.0614±4.5610.88±5.3Duration of absence from work (days) 

Table 1) Clinical and demographic characteristics of COVID-19 in the study population
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diseases (Table 1). Among vaccinated and 
unvaccinated patients, 2 (8.69%) and 12 
(4.82%) patients had underlying diseases, 
respectively. Among the vaccinated patients, 
2 patients had hypertension and asthma 
disease, and the remaining 21 patients had 
no underlying diseases. Among patients not 
receiving the flu vaccine, 1.2% had asthma 
disease, 1.2% used immunosuppressive 
drugs, 0.8% suffered from diabetes mellitus 
and ischemic heart disease, and 0.4% had 
hypertension.  
Patients groups: There was a significant 
difference in the type of treatment 
(outpatient or inpatient) between vaccinated 
and unvaccinated COVID-19 patients (p< 
.001) (Table 1). Inpatient treatment was 
more common among unvaccinated patients 
(n=30, 12.05%) compared to vaccinated 
patients (n=1, 4.35%).   
Determining the average blood oxygen 
saturation (SpO2): Among vaccinated 
and unvaccinated patients, 8.6% (n = 2) 
and 20.08% (n = 50) had SpO2< 93%, 
respectively. The results showed that SpO2< 
93% was significantly more prevalent among 
unvaccinated individuals in comparison 
with participants that received influenza 
vaccine (p-value = .04).
Determining the lung involvement: In the 
vaccinated group, only 8 out of 23 (34.78%) 
patients were positive for lung involvement 
based on CT scan results, while in the 
unvaccinated group, 128 out of 249 (51.4%) 
patients were positive for lung involvement 
(Table 1). Lung involvement based on CT 
scan results was significantly more common 
among unvaccinated COVID-19 patients 
(p-value = .01).
Determining the average length of 
hospitalization: The length of hospital 
stay was 8 days for vaccinated patients and 
8.47±3.31 days for unvaccinated patients. 
There was no statistically significant 
difference in the length of hospital stay 

between vaccinated and unvaccinated 
COVID-19 patients.
Determining the duration of absence 
from work: The duration of absence 
from work due to COVID-19 disease was 
lower for vaccinated patients compared to 
unvaccinated individuals (10.88±5.3 days 
vs. 14±4.56 days). 

Discussion
Today, prevention and treatment strategies 
are hot topics during the COVID-19 pandemic. 
According to the findings of various studies, 
co-infection of COVID-19 with influenza 
could aggravate the patient’s condition and in 
some cases even cause death [13]. Considering 
the emerging COVID-19 pandemic, it is 
necessary to manage COVID patients. There 
are some challenges to vaccination against 
SARS-CoV-2 infection. The main challenges 
to vaccination among different segments 
of the population are diverse and include 
vaccine hesitancy, safety concerns, and lack 
of access. It has been reported that those 
who have previously received influenza 
vaccine experience milder COVID-19 
infection. This is because the flu vaccine, 
which is both available and safe, induces 
immune responses which cross-react with 
SARS-CoV-2 [14].
Some articles have confirmed that influenza 
vaccination could improve outcomes of 
COVID patients and reduce the burden of the 
flu [15, 16]. Furthermore, the WHO recommends 
influenza vaccination for different groups. 
As a result, the use of this vaccine as a 
bystander adjuvant is recommended to 
reduce the seriousness of COVID-19 disease. 
Thus, in this study, the relationship between 
influenza vaccination and the incidence of 
COVID-19 infection was investigated among 
the personnel of Shahid Beheshti hospital in 
Kashan.
The results propose that influenza 
vaccination is associated with better 
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outcomes in vaccinated patients compared 
with unvaccinated patients. This study 
results showed an association between 
influenza vaccination and the prevalence of 
COVID-19 infection, which was significantly 
higher among unvaccinated personnel.  
By comparing personnel receiving the flu 
vaccine with those not receiving the flu 
vaccine, it was found that the incidence rate of 
COVID-19 disease was significantly lower in 
the vaccinated group. Influenza vaccination 
decreased the odds of developing COVID-19 
disease in the vaccinated group compared to 
the unvaccinated group.
According to the findings, the flu vaccine 
appears to confer protection against SARS-
CoV-2 infection. These results suggest that 
the flu vaccine might prompt nonspecific 
immune reactions in vaccinated people, 
which could protect them against SARS-
CoV-2 infection. These findings are in 
agreement with the results of an American 
study by Huang et al. (2021), reporting the 
lowest incidence rate and severity of SARS-
CoV-2 infection among older adults receiving 
the flu vaccine [4].
These results are also in line with previous 
data indicating that influenza vaccination 
might decrease the incidence rate of 
COVID-19 infection [17]. Lung involvement was 
observed in 34.87% of vaccinated COVID-19 
patients and 51.4% of unvaccinated patients 
in this study. Therefore, the prevalence 
of lung involvement was higher among 
unvaccinated COVID-19 patients, and this 
difference was statistically significant 
(p= .01). In their study, Kalantari et al. 
(2021) found no significant difference in 
lung involvement between vaccinated and 
unvaccinated patients; but they found that 
the disease symptoms were less in the 
vaccinated group [18].
According to the obtained data, the prevalence 
of SpO2 <93% was significantly higher 
among unvaccinated COVID-19 patients; 

thus, receiving influenza vaccination was 
related to a significant increase in SpO2 (p= 
.04). These data are in line with the findings 
of another study reporting a significant 
difference in SpO2 levels between the 
vaccinated and unvaccinated groups [19]. In 
this study, inpatient treatment was more 
common among unvaccinated patients 
(12.05%) compared to vaccinated patients 
(4.35%), and this difference was statistically 
significant (p= .001). 
 A study by Skowronski et al. (2020) found 
no protective effect for influenza vaccine 
against COVID-19 disease [20].
In this study, there was no significant 
difference between the two groups of 
COVID-19 patients in terms of age, gender, 
underlying diseases, length of hospital 
stay, and duration of absence from work. 
Differences in the results of various studies 
could be attributed to differences in 
vaccine types, health status, heterogeneous 
populations, the onset of breakthrough 
infections, and the proactive attitude of 
individuals towards COVID-19 infection [21].  
Influenza vaccine could benefit immune 
system function and play a logically positive 
role in preventing the incidence of COVID-19. 
Hypothetically, different mechanisms 
might describe the protective effects of 
the flu vaccine against COVID-19. The first 
mechanism is that influenza vaccination 
induces nonspecific immune responses that 
contribute to protection against SARS-CoV-2. 
The second mechanism is the generation of 
an enhanced cytokine response after the 
stimulation of the immune system with SARS-
CoV-2. Additionally, a robust association 
has been reported between influenza 
H1N1-specific CD4 T-cell responses and 
SARS-CoV-2. Another reason is the possible 
similarities in binding receptors and 
structure of influenza and coronaviruses [21].
Although there are different studies, there is 
still much incredulity regarding the impact of 
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the flu vaccine on the outcomes of COVID-19 
patients. 
Thus, in this study, the relationship between 
influenza vaccination and the incidence of 
COVID-19 infection was investigated among 
the personnel of Shahid Beheshti hospital 
in Kashan during 2020. Although some 
significant associations were found in this 
study, more studies are needed to accurately 
evaluate the relationship between COVID-19 
and influenza vaccination. To make a more 
definitive opinion about the protective 
role of the flu vaccine, more studies with 
larger sample sizes are needed. It is also 
recommended to conduct more studies  
in different geographical areas to obtain 
more accurate results.
Limitations: Conducting this study in 
Kashan was the strong of this research.  
The limitations of this study were as 
follows: this study was a single-center 
research conducted with a small sample 
size; in addition, the need for ICU admission, 
mortality, and laboratory findings were  
not evaluated.  

Conclusion 
According to the findings, people receiving 
the flu vaccine were significantly less likely 
to test positive for SARS-CoV-2 than people 
not receiving the flu vaccine. 
Meanwhile, the findings showed significantly 
better clinical outcomes (oxygen saturation, 
length of hospitalization, and lung 
involvement based on CT) in patients who 
received the flu vaccine. 
Overall, these findings suggest that influenza 
vaccination might lessen the burden of 
COVID-19 disease during the pandemic. 
Further clinical and epidemiological studies 
are essential to investigate how influenza 
vaccination affects COVID-19 in order to 
plan for influenza vaccination in the future. 
Also, due to people’s fear of the unknown 
side effects of COVID-19 vaccines, which has 

become an excuse for not using COVID-19 
vaccines, the influenza vaccine which has 
long been known to be effective could be 
suggested.

Acknowledgements
The authors would like to thank the  
Clinical Research Development Unit, Shahid 
Beheshti Hospital, Kashan University of 
Medical Sciences, Kashan, and I.R. Iran. 
Ethical permissions: The present research 
was approved by the Ethics Committee 
of Kashan University of Medical Sciences  
( I R . K AU M S . M E D N T. R E C . 1 4 0 0 . 1 5 0 ) . 
Consent to participate: All experiments 
that involved human participants were 
performed according to the ethical standards 
of the Institutional and National Research 
Committee.
Availability of data and materials: The 
obtained results in the present research 
are available upon direct request from the 
authors.
Conflicts of interests: The authors have no 
competing interest to declare.
Funding: This study was funded by a grant 
from Kashan University of Medical Sciences, 
Kashan, and I.R. Iran. 
Authors’ contributions: All authors 
contributed equally.

References 
1. Li H, Liu SM, Yu XH, Tang SL, Tang CK. Coronavirus 

disease 2019 (COVID-19): Current status and 
future perspectives. Int J Antimicrob Agents. 
2020;55(5):105951.

2. Bai L, Zhao Y, Dong J, Liang S, Guo M, Liu X, et 
al. Coinfection with influenza A virus enhances 
SARS-CoV-2 infectivity. Cell Res. 2021;31(4):395-
403.

3. Antony SJ, Almaghlouth NK, Heydemann EL. 
Are coinfections with COVID-19 and influenza 
low or underreported? An observational study 
examining current published literature including 
three new unpublished cases. J Med Virol. 
2020;92(11):2489-97.

4. Huang K, Lin SW, Sheng WH, Wang CC. Influenza 
vaccination and the risk of COVID-19 infection 
and severe illness in older adults in the United 

D
ow

nl
oa

de
d 

fr
om

 ie
m

.m
od

ar
es

.a
c.

ir 
at

 1
1:

45
 IR

D
T

 o
n 

M
on

da
y 

S
ep

te
m

be
r 

9t
h 

20
24

   
   

   
 [ 

D
O

I: 
10

.6
11

86
/ie

m
.9

.4
.3

31
 ] 

 

https://iem.modares.ac.ir/article-4-71497-en.html
http://dx.doi.org/10.61186/iem.9.4.331


Influenza vaccination and COVID-19 infection

Infection Epidemiology and Microbiology  Fall 2023, Volume 9, Issue 4

338

States. Sci Rep. 2021;11(1):1-6.
5. Taghioff SM, Slavin BR, Holton Iii LH, Singh D. The 

impact of the influenza vaccine on postoperative 
outcomes in Covid-19 positive patients: An 
analysis of 43,580 patients utilizing a globally 
federated electronic medical record network. J 
Am Coll Surg. 2021;233(5):S84-5.

6. Sardinha DM, da Costa Lobato D, da Silva Ferreira 
AL, Lima KV, Lima LN. Analysis of 472,688 
severe cases of COVID-19 in Brazil showed lower 
mortality in those vaccinated against influenza. 
MedRxiv.2021.

7. Amato M, Werba JP, Frigerio B, Coggi D, Sansaro 
D, Ravani A, et al. Relationship between influenza 
vaccination coverage rate and COVID-19 
outbreak: An Italian ecological study. Vaccines. 
2020;8(3):535.

8. Umasabor-Bubu OQ, Bubu OM, Mbah AK, 
Nakeshbandi M, Taylor TN. Association between 
influenza vaccination and severe COVID-19 
outcomes at a designated COVID-only hospital in 
Brooklyn. Am J Infect Control. 2021;49(10):1327-
30.

9. Yang MJ, Rooks BJ, Le TT, Santiago IO, Diamond 
J, Dorsey NL, et al. Influenza vaccination and 
hospitalizations among COVID-19 infected adults. 
J Am Board Fam Med. 2021;34(Suppl):S179-82.

10. Taghioff SM, Slavin BR, Holton T, Singh D. 
Examining the potential benefits of the influenza 
vaccine against SARS-CoV-2: A retrospective 
cohort analysis of 74,754 patients. PLoS One. 
2021;16(8):e0255541.

11. Martí�nez-Baz I, Trobajo-Sanmartí�n C, Arregui 
I, Navascués A, Adelantado M, Indurain J, et al. 
Influenza vaccination and risk of SARS-CoV-2 
infection in a cohort of health workers. Vaccines. 
2020;8(4):611.

12. Kissling E, Hooiveld M, Brytting M, Vilcu AM, 
de Lange M, Martí�nez-Baz I, et al. Absence 
of association between 2019-20 influenza 
vaccination and COVID-19: Results of the 
European I-move-COVID-19 primary care 
project, March-August 2020. Influenza Other 

RespirViruses.2021;15(4):429-38.
13. Khorramdelazad H, Kazemi MH, Najafi A, Keykhaee 

M, Emameh RZ, Falak R. Immunopathological 
similarities between COVID-19 and influenza: 
Investigating the consequences of co-infection. 
Microb Pathog. 2021;152:104554.

14. Salem ML, El-Hennawy D. The possible beneficial 
adjuvant effect of influenza vaccine to minimize 
the severity of COVID-19. Med Hypotheses. 
2020;140:109752.

15. Zanettini C, Omar M, Dinalankara W, Imada 
EL, Colantuoni E, Parmigiani G, et al. Influenza 
vaccination and COVID19 mortality in the USA. 
MedRxiv.2020.

16. Grohskopf LA, Liburd LC, Redfield RR. Addressing 
influenza vaccination disparities during the 
COVID-19 pandemic. JAMA. 2020;324(11):1029-
30.

17. Chen AT, Stacey HD, Marzok A, Singh P, Ang J, 
Miller MS, et al. Effect of inactivated influenza 
vaccination on human coronavirus infection: 
Secondary analysis of a randomized trial in 
Hutterite colonies. Vaccine. 2021;39(48):7058-
65.

18. Kalantari S, Sadeghzadeh-Bazargan A, Ebrahimi 
S, Yassin Z, Faiz SH, Kabir A, et al. The effect 
of influenza vaccine on severity of COVID-19 
infection: An original study from Iran. Med J 
Islam Repub Iran. 2021;35:114.

19. Grech V, Borg M. Influenza vaccination in the 
COVID-19 era. Early Hum Dev. 2020;148:105116.

20. Skowronski DM, Zou M, Clarke Q, Chambers C, 
Dickinson JA, Sabaiduc S, et al. Influenza vaccine 
does not increase the risk of coronavirus or other 
noninfluenza respiratory viruses: Retrospective 
analysis from Canada, 2010–2011 to 2016–2017. 
Clin Infect Dis. 2020;71(16):2285-8.

21. Stańczak-Mrozek KI, Sobczak A, Lipiński L, 
Sienkiewicz E, Makarewicz D, Topór-Mądry R, 
et al. The potential benefits of the influenza 
vaccination on COVID-19 mortality rate—A 
retrospective analysis of patients in Poland. 
Vaccines.2021;10(1):5.

D
ow

nl
oa

de
d 

fr
om

 ie
m

.m
od

ar
es

.a
c.

ir 
at

 1
1:

45
 IR

D
T

 o
n 

M
on

da
y 

S
ep

te
m

be
r 

9t
h 

20
24

   
   

   
 [ 

D
O

I: 
10

.6
11

86
/ie

m
.9

.4
.3

31
 ] 

 

https://iem.modares.ac.ir/article-4-71497-en.html
http://dx.doi.org/10.61186/iem.9.4.331

