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Abstract
Background

Influenza represents a significant public health problem. Recent
epidemiologic research has indicated a potential elevated risk of
Parkinson’s disease (PD) among influenza patients. Nevertheless,
the relationship remains unclear. This meta-analysis was carried out
to assess the association between Influenza infection and PD occur-
rence and summarize various hypotheses.

Materials and Methods

This systematic review and meta-analysis were conducted follow-
ing the PRISMA flow diagram (2020). It was an updated meta-analy-
sis which conducted by Wang.A total of seven articles were included.
Review Manager 5.3 software and Comprehensive Meta-analysis
Version 3 performed data analysis.

Results

In this present meta-analysis, we found that influenza infection
had a significant effect on PD occurrence, with a 39% higher risk re-
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gardless of the timing of the infection (1.11% vs 0.58%, pooled OR=
1.39[95% Cl: 1.02-1.89], p=0.04, 12=31%) and with 61% higher risk
when the infection occurs more than 5 years before the PD onset
(pooled OR=1.61 [95% Cl:1.18-2.19], p=0.003, 12=0%). Meanwhile,
we did not observe any relationship between severity of Influenza
infection and the onset of PD.

Conclusion

This meta-analysis revealed an increased risk of PD among pa-
tients who had experienced Influenza, notably after 5 years of the
infection. This implies various Physiopathological pathways. Further
studies are required to elucidate this relationship.
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Introduction

Parkinson’s disease (PD) is a neurodegenerative disorder that
leads to progressive deterioration of motor function due to the loss of
dopamine-producing brain cells. Early symptoms are resting tremor,
rigidity, bradykinesia, gait instability, and difficulty walking [1]. It
is estimated that PD affects 6.1 million people worldwide, and the
prevalence rises with age [2]. Meanwhile, its etiology remains largely
unknown. Researchers speculate that both genetic and environmental
factors are involved, notably the potential role of various infections
[3-4]. Consequently, there has been a prolonged and ongoing debate
regarding whether there is a connection between Influenza virus (IV)
and PD, which has endured for an extended period. Interestingly, ac-
cording to American research, the emergence of PD cases increased
in the aftermath of the 1918 Spanish flu pandemic. This suggested
that the flu virus could attack neurons producing dopamine.Even if
the decrease in these cell numbers does not actually lead to PD, it
could be an additional factor in promoting the disease’s development
[5]. Regarding the fact that Influenza is a public health problem and
the association between this virus and the development of PD remains
elusive in the literature, we conducted this meta-analysis with the aim
of assessing the potential link between Influenza and its features and
the development of PD. Our second aim is to summarize different
hypotheses leading to PD after influenza disease.

Patients and Methods
Study design

This systematic review and meta-analysis were conducted follow-
ing the 2020 guidelines of the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) [6].

Literature search

This systematic review and meta-analysis is an update to the pre-
viously meta-analysis conducted by Wang et al. [7]. We included the 4
studies that have been included in the meta-analysis of Wang. Further-
more, we conducted a search on the PubMed database from inception
to August 2023 to identify additional studies. The Mesh terms were
chosen by referring to the website www.hetop.eu, and the terms that
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were kept are: Influenza, “Viral infection”, “Human influenza”, Par-
kinson, “Parkinson disease” and “Parkinson s disease”. Search terms
were connected through the utilization of the Boolean search opera-
tors “AND”, “OR”. The search syntax employed for retrieving bib-
liographic data on PubMed was: (Parkinson OR “Parkinson disease”
OR “Parkinson’s disease”) AND (Influenza OR “Viral infection” OR
“Human influenza). This search was limited to the human species.
Two investigators individually assessed the suitability of records
by reviewing titles and abstracts through the systematic review tool
Rayyan (https://www.rayyan.ai/). Subsequently, the next stage was to
evaluate the complete texts of the identified papers for eligibility.

Eligibility criteria

The criteria for inclusion were as follows: (i) case-control papers,
cross-sectional papers, or analytical cohort studies, aiming to estab-
lish the PD risk in individuals infected with Influenza; (ii) inclusion of
the number of PD cases and control groups, the number of Influenza
infection in PD cases and control groups, and the availability of odds
ratios (OR) with 95% confidence intervals (95% CI).

Quality of studies

To assess the reports’ quality, the validated Newcastle-Ottawa
quality assessment scale (NOS) was applied [8]. Three investigators
independently screened the quality of papers by evaluating three key
aspects: (i) participant selection, (ii) comparability of groups, and (iii)
determination of the exposure of interest for a case-control study and
the outcome of interest for a cohort study.

Data extraction

A standardized form for data collection was employed to retrieve
the following information from every study: paper title, first author,
publication year, number of PD cases, number of control groups,
number of Influenza infection in PD cases, number of Influenza infec-
tion in control groups, severity of Influenza infection when available
in PD cases and control groups, the number of Influenza infection
in PD cases within 5 years prior to the PD diagnosis (<5 years) and
the number of control groups in this time (<5 years), the number of
PD cases that had experienced Influenza infection more than 5 years
before the onset of the PD (=5 years)and the number of infection in
control groups in this time (=5 years), OR and 95% CI.

Statistical analysis

The analysis of the data was conducted using Review Manager
5.3 software developed by the Cochrane Collaboration. We define
statistical significance as p<0.05. OR was combined using the ge-
neric inverse variance method of DerSimonian and Laird, wherein
each study’s weight was inversely proportional to its variance [9].
Considering the potential significant heterogeneity stemming from
variations in study origins and populations, we opted for a random-ef-
fects model over a fixed-effects model. The Cochran Q-test (p<0.1
was defined as significant) and I? statistic was employed to assess the
heterogeneity among the different studies. The I? statistic quantifies
the percentage of total variation among studies that is attributed to
heterogeneity instead of randomness. An I? value of 0-25% indicates
negligible heterogeneity, 25%-50% suggests low heterogeneity, 50%-
75% indicates moderate heterogeneity, and more than 75% indicates
significant heterogeneity. If significant heterogeneity was observed, a
sensitivity analysis by eliminating studies one by one was conducted

to identify the potential reasons behind this heterogeneity. Addition-
ally, a funnel plot, Begg’s and Egger’s tests (p<0.1 was defined as
significant) were utilized to evaluate the potential presence of publi-
cation bias. Funnel plot was performed utilizing Review Manager 5.3
software. Begg’s and Egger’s test were calculated utilizing Compre-
hensive Meta-analysis Version 3.

Results
Study characteristics and literature quality

We included four articles from Wang meta-analysis [10-13].
Additionally, our exploration approach produced 366 records from
PubMed. After screening titles and abstracts, we yielded 28 reports,
and we retrieved 26 reports after verifying full-text availability.
Among these, 23 were excluded because they did not match the crite-
ria for inclusion. Overall, we included seven articles, which were all
case-control studies. The outcomes of our exploration and selection
procedures for relevant literature are depicted in Figure 1.

Figure 1: PRISMA flowchart illustrating the process of information selec-
tion across the different phases of a systematic review and meta-analysis.

Every study that was incorporated underwent evaluation using the
NOS for case-control studies. All studies obtained a NOS score ex-
ceeding 7 except the study of Marttila, which had a score of 6 [14].
This result signifies a favorable quality level among the included
studies. His characteristics of the included studies and NOS scores
are presented in Table 1.

Prevalence of Influenza infection in Parkinson cases vs
control

We gathered data from 15385 patients diagnosed with confirmed
PD and 68 974 control individuals. The occurrence of IVwas found to
be 3.45% among PD cases, compared to 1.92% in the control groups.
The confirmation methods for PD and Influenza infection were sum-
marized in Table 1.

The duration from infection to disease diagnosis was document-
ed in 2 case-control studies. We found that 0.45% of PD cases had
contracted Influenza within 5 years prior to the disease diagnosis (<5
years), in contrast to 0.14% in the control groups. Furthermore, 0.65%
of PD cases had experienced Influenza infection more than 5 years
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L. Study Diagnostic of . . Influenza Influenza in
Study Origin . PD Control Diagnostic of PD . NOS
design Influenza in PD control
Marttila Finland Case-control 431 444 Questionnaire” Clinical criteria 117 135 6
United . .. -
Sasco Stat Case-control 137 548 Registry records Clinical criteria 32 118 8
ates
Hertzman Canada Case-control 57 111 Questionnaire™ Clinical criteria 6 3 7
Toovey Switzerland | Case-control 3976 15 891 Registry records Clinical criteria 223 847 8
Harris Canada Case-control 403 405 Questionnaire™ Clinical criteria 43 26 8
Vlajinac Serbia Case-control 110 220 Questionnaire” UPDRS 70 42 8
R Diagnosis code based
Cocoros Denmark Case-control 10 271 51355 Registry records 40 159 7
on ICD
Total - - 15385 68 974 531 1330 -
NOS: Newcastle-Ottawa quality assessment scale; PD: Parkinson’s Disease; UPDRS: Unified Parkinson’s Disease Rating Scale;*, based on patient’s history;*, based on questionnaire indicating
Influenza infection during the flu;***, based on six specific questions pointing towards influenza infection; ICD: International Classification of Diseases.
Table 1: Characteristics of included studies.

/

before the onset of the disease (=5 years), compared to 0.25% in the
control groups.

The severity of Influenza infection was reported in 2 publications.
We observed that 1.61% of PD cases encountered severe Influenza
infection, while the corresponding figure in the control groups was
4.11%.

Analysis of the association between Influenza infection and
Parkinson disease and publication bias

Our meta-analysis revealed that PD was significantly higher among
patients with Influenza infection than control groups (pooled OR=
1.64 [95%IC: 1.05-2.57], p=0.03, Q-test p-value <0.00001, 12=90%)
(Figure 2, Panel A). Performing a sensitivity analysis by eliminating
studies one by one based on their bias risk, revealed that three stud-
ies were responsible for the observed heterogeneity. The exclusion
of these studies resulted in a significant reduction in heterogeneity
(Q-test p-value=0.23, 12=31%). The pooled OR was recalculated and
showed a significant association between IV and the occurrence of
PD with low and insignificant heterogeneity (1.11% vs 0.58%, pooled
OR=1.39[95% CI: 1.02-1.89], p=0.04, Q-test p-value=0.23, 12=31%)
(Figure 2, Panel B).

The association between Influenza infection within 5 years prior
to the disease diagnosis and the risk of PD was not significant (pooled
OR=1.33 [95%IC: 0.77-2.32], Q-test p-value=0.19, 12=41%)(Figure
2, Panel C). Meanwhile, Influenza infection more than 5 years be-
fore the onset of the PD was significantly associated with the risk of
PD with insignificant and negligible heterogeneity (pooled OR=1.61
[95% CI:1.18-2.19], p=0.003, Q-test p-value=0.68, 12=0%) (Figure
2, Panel D). The severity of the IV was not significantly associated

with the PD with significant heterogeneity (pooled OR=0.54 [95%
CI=0.05-5.32], p=0.6, Q-test p-value< 0.00001, 12=98%) (Figure 2,
Panel E).

The funnel plot of Influenza infection and the risk of PD was vi-
sually asymmetrical, suggesting publication bias (Figure 3, Panel A),
meanwhile, removing studies showed a symmetrical funnel plot, sug-
gesting no publication bias (Figure 3, Panel B). The funnel plot of
time between infection and PD diagnosis and between the severity of
Influenza infection and PD were symmetrical (Figure 3, Panel C-E).
Additionally, for IV and the risk of PD, while Begg’s test showed
a p-value of 0.03 indicating possible publication bias, Egger’s test
showed a p-value of 0.16 suggesting no publication bias. After re-
moving, they showed a p-value of 0.16 and 0.3 respectively, indi-
cating no publication bias. The Egger’s test and Begg’s test were not
done for time between infection and diagnosis of the PD and the se-
verity of Influenza infection, given the presence of only two studies in
each item.

Discussion

To the best of our knowledge, this is the second Systematic review
and meta-analysis to assess the risk between IV and PD. The first was
conducted in 2020. In comparison to their research, we have updated
their meta-analysis by incorporating new studies. While their inves-
tigation yielded four studies, we were able to include seven articles
in our study. Thus, our meta-analysis includesstudies as well. Addi-
tionally, we investigated the association between the timing of the
Influenza infection and PD occurrence and between the severity of the
infection and PD. In the literature, there was a debate between differ-
ent studies with varying results, with some endorsing the hypothesis

J Clin Stud Med Case Rep ISSN: 2378-8801, Open Access Journal

DOI: 10.24966/CSMC-8801/1000195

Volume 10 -« Issue5 + 100195


http://doi.org/10.24966/CSMC-8801/1000125
http://doi.org/10.24966/CSMC-8801/1000195

Citation: Ketata I, Ellouz E, Mizouri R(2023) Could Influenza Virus Be a Potential Risk Factor for Parkinson’s Disease? An Updated Systematic Review and Me-
ta-Analysis along with a Review of Various Physiopathological Hypotheses.] Clin Stud Med Case Rep 10:195.

» Page4of 6 -

Figure 2: Panel A: Forest plot showed significant association between
Influenza infection and the risk of Parkinson’s Disease but with high het-
erogeneity. Panel B: Forest plot showed significant association between
Influenza infection and of Parkinson’s Disease after excluding Vlajinac,
Marrtila and Toovay with low heterogeneity. Panel C: Forest plot showed
an insignificant association between Influenza infection (<Syears) and the
risk of Parkinson’s Disease. Panel D: Forest plot showed a significant as-
sociation between Influenza infection (>Syears) and the risk of Parkinson’s
Disease. Panel E: There was no significant association between severity of
Influenza infection and the risk of Parkinson’s Disease.

/

while others did not. While Wang et al identified an insignificant as-
sociation between IV and PD after excluding study(pooled OR=1.227
[95% CI: 0.786-1.917], p=0.175, 12=61.5%), we found a significant
association between IV and PD occurrence after excluding stud-
ies(pooled OR=1.39 [95% CI: 1.02-1.89], p=0.04, 12=31%). Further-
more, we observed a significant higher risk of PD when the infection
occurs more than 5 years before the onset of PD (pooled OR=1.61
[95% CI: 1.18-2.19], p=0.003, 12=0%). We excluded regarding their
risk bias graphic with a significant reduction in heterogeneity. In fact,
this could be explained by the utilization of a questionnaire that relied

Figure 3: Panel A: Funnel plot was asymmetrical for the study on the
association between Influenza infection and the risk of Parkinson’s Dis-
ease. Panel B: Funnel plot showed no evidence of publication bias after
removing Vlajinac, Marrtila and Toovay for the association between In-
fluenza infection and Parkinson’s Disease. Panel C: Funnel plot showed
no publication bias for the association between infection (<5 years) and
diagnosis of the PD. Panel D: Funnel plot showed no publication bias for
the association between infection (>5 years) and diagnosis of the PD. Panel
E: Funnel plot showed no publication bias for the relationship between the
severity of Influenza infection and Parkinson’s Disease.

on patients’ subjective responses to the question “Have you ever been
infected by Influenza?” in studies. Additionally, selected the popula-
tion not randomly but from another study, increasing the heterogene-
ity. Toovey chose their population study from a large, encompassing
database, which could introduce variations in participant characteris-
tics (age, gender, etc.).

To date, the precise mechanisms underlying the link between IV
and the risk of developing PD remain unclear. Various hypotheses
were proposed in different studies. Essentially, this could possibly
be a direct effect of IV leading to para-infection PD (immediate PD
within 15 days following the episode of infection) or indirect factors
(delayed PD within a few months) leading to post-infection PD [15-
16]. IV can be broadly categorized as either neurotropic IV(NIV) or
non-neurotropic IV (NNIV). NIV has the capacity to penetrate the
central nervous system (CNS) through various routes such as infect-
ing microvascular endothelial cells or traveling along the olfactory,
vagus, or trigeminal nerves [17-18]. Yet, NNIV can enter the CNS
through Systematic infection after replicating in the respiratory tract.
Once the NIV or NNIV reaches the CNS, the IV specifically targets
the ventral substantia nigra to induce neuroinflammation, microglial
activation, protein aggregation, and degradation of neurons [19]. In
fact, in an animal model, NIV induces a buildup of phosphorylated
a-synuclein (a-synuclein misfolding) in the neuron of the substantia
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Figure 4: Physiopathological mechanism of Influenza virus-induced Par-
kinson’s Disease. The figure illustrates how the Influenza virus can trigger
Parkinson’s Disease through both direct (nerve system) and indirect (blood
system) pathways. In essence, the virus can target the substantia nigra,
where it replicates and inhibits apoptosis. Subsequently, it induces neuroin-
flammation and activates microglial and astrocyte cells, with misfolding
of a-synuclein accumulation. Microglial cells release TNF-a, IL-1, IL-6.
These processes collectively result in the degeneration of dopaminergic
neurons and impaired synaptic function and structure. The virus can also
interfere with genetic expression. Through these pathways, the Influenza
virus has the potential to induce Parkinson’s Disease. The long-term effect
of the Influenza virus is induced by chronic Influenza infection through
T-lymphocyte and macrophage cells.

nigra pars compacta in mice. This accumulation might lead to syn-
aptic dysfunction [20]. It had also demonstrated that in cases of PD
infected by Influenza, there was a reduction in glutamatergic synapses
and a shift in the distribution of synaptic proteins [21]. Additionally,
in mice model, Influenza A and IV antigens were found in the CNS,
which triggered autophagy, leading to an increase in IV replication
[22]. Interestingly, following infection either with NIV or with NNIV,
there was an increase in the quantity of astrocytes and microglia cells
[23]. Furthermore, other indirect mechanisms were proven in various
papers. In fact, immune distribution and cytokine storms can lead to
several neurodegenerative disorders, including PD. The release of cy-
tokines in the peripheral system after an Influenza infection can indi-
rectly trigger microglia, increasing their number, activating them, and
producing central inflammation and gliosis [24]. Microglial activation
releases proinflammatory cytokines (TNF-a, IL-1, IL-6) and reactive
oxygen species with neurotoxic effects [25-26]. These peripheral
proinflammatory cytokines also affect neuronal morphology, synaptic
structure, and function [27]. Additionally, other studies suggest that
immune reactions induced by IV could potentially lead to damage
in the CNS and dopaminergic neurodegeneration. Meanwhile, in a
mouse model, investigators showed that chronic viral infection in
CNS leads to T-lymphocyte and macrophage cell infiltration leading
to microglial activation with neurons damage. T-lymphocytes release
IL-17, TNF-a and free radicals, leading to dopaminergic neuronal

death. Overall, while the loss of dopaminergic neurons was shown to
be temporary, neuroinflammation, microglial activation, a-synuclein
phosphorylation and the distribution of innate immune plasticity en-
dure as long-lasting effects. Some studies suggest that cytokine storm
and IV can change gene expression. This might lead to a vulnerable
subject developing PD after several years, and PD can occur once
a triggering factor arises. This Physiopathological mechanism might
explain our finding that revealed the high risk of occurrence of PD
after 5 years of IV. Meanwhile, the long-term relationship betweenlV
and PD remained unclear. In our study, we found no significant rela-
tionship between the severity of IV and PD occurrence. This might be
explained by the high heterogeneity and bias risk in included studies.
In fact, the pooled OR was estimated by combining two studies, so the
high heterogeneity cannot be elucidated by sensitivity analysis. Inter-
estingly, to attenuate the PD cases, studies suggest annual vaccination
against Influenza A.[28].

In summary, although there are some hypotheses that elucidate
the relationship between IV and PD, establishing clear and defini-
tive mechanisms remains challenging. Thus, we summarized various
hypotheses in the literature in Figure 4. Moreover, future research is
imperative to gain a deeper understanding of any possible relationship
between IV and PD. Robust epidemiological studies, experimental re-
search, and clinical investigators are essential to conclusively proving
any causal association.

Our study had some limitations. First, information about Influenza
infection was collected differently in the included studies. The ques-
tionnaire was based on subjective responses in two studies, yet it was
more consistent and specific in two other studies. Three studies re-
ferred to the registry to collect this information. This heterogeneity of
information collection represents the first limit in our meta-analysis.
Secondly, the number of available studies in the literature is limited.
Additionally, the time between IV and PD diagnosis and the severity
of IV were available only in 2/7 studies.

Conclusion

Our meta-analysis demonstrated that contracting the Influenza vi-
rus raises the risk of developing PD by 39% regardless of when the
infection occurs, and this risk increases to 61% when the infection
took place more than 5 years before the PD diagnosis. Further studies
are required to elucidate this relationship.
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