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ABSTRACT

Introduction: A major cause of injury and the second cause of death worldwide is stroke.
L. Among several infectious agents considered as the risk factor of stroke, some pathogens
Article info: . . . .

) demonstrated stronger robust associations with stroke. Proposing an accurate correlation
Received: 09 Jun 2019 ©  between infectious microorganisms and stroke provides valuable information for early
First Revision: 25 Apr 2020 :  intervention and control of the infections.
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Methods: In this study, we searched the literature using the Web of Science, PMC/Medline via
Available Online: 01 Jul 2021

PubMed, and Scopus databases up to July 2018 without time and language restrictions. After
quality assessment, 16 articles were included in the study. The whole data extraction process
was independently conducted by two reviewers.

Results: Based on the results of the studies, viruses, such as Hepatitis C virus (HCV), Hepatitis
B virus (HBV), Human Immunodeficiency Virus (HIV), Herpes Simplex Virus Type-1,
2 (HSV-1, 2), Varicella-Zoster Virus (VZV or Chickenpox), and West Nile virus (WNV)
seem to be common causes of ischemic stroke. Moreover, the association of other microbial
categories, such as Streptococcus mutans (in bacteria), Toxocara spp. and Toxoplasma gondii

Keywords: :  (in parasites), and Rhizopus sp. (in fungi) with stroke was reported.
Stroke, Infection, Viruses, Conclusion: Considering the adverse role of the above-mentioned microorganisms, it is
Bacteria, Fungi :  necessary to implement some preventive measures for stroke treatment.
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e Viruses seem to be common causes of ischemic stroke. Moreover, the association of other microbial categories,
such as bacteria, parasites, and fungi, with stroke was reported.

Plain Language Summary

By promoting atherosclerosis, inflammation, and local thrombosis, common bacterial and viral infections between
the categories of microorganisms may increase susceptibility to stroke. In this regard, among the supposed risk factors
for stroke, infectious agents are considered. Overall, our data add to the growing body of evidence linking different
microorganism categories, particularly viruses to stroke. In the other hand, considering the adverse role of the micro-
organisms is necessary to implement some preventive measures for stroke treatment.

1. Introduction

n adults, one of the major causes of disability and

the second cause of death is stroke, globally. More

than 85% of stroke-induced deaths worldwide

concern countries with low socioeconomic status.

Not all modifiable risk factors for stroke, howev-
er, are recognized (O’Donnell et al., 2010). In this regard,
among the supposed risk factors for stroke, infectious
agents are considered. Some diseases should be avoided
and the occurrence of their disease could be minimized to
cope with conventional risk factors for stroke (Fugate et
al., 2014). There are two types of stroke, including isch-
emic and hemorrhagic (Sirven & Malamut, 2008). In most
relevant investigations, ischemic stroke indicated a stron-
ger association with systemic infection (Grau, Urbanek, &
Palm, 2010), compared to hemorrhagic stroke (O’Donnell
MIJ etal., 2010; Fugate et al., 2014). Microorganisms, such
as bacteria, viruses, fungi, and parasites are responsible for
infectious diseases (Murray, 2017; Saberi, Akhondzadeh
& Kazemi, 2018; Saberi, Roudbary, Ghayeghran, Kazemi
& Hosseininezhad, 2018). By promoting atherosclerosis,
inflammation, and local thrombosis, common bacterial
and viral infections between the categories of microorgan-
isms may increase susceptibility to stroke (Manousakis,
Jensen, Chacon, Sattin, & Levine, 2009).

Herpesviruses are a family of persistent viruses, i.e.,
widespread; by inducing various inflammatory effects,
they can periodically reactivate from latency to cause
significant morbidity (Forbes et al. 2017). More than 130
herpesviruses are recognized (Brown & Newcomb, 2011).
Nine of these viruses infect humans, as follows: Herpes
Simplex Viruses 1 and 2 (HSV-1 & HSV-2, also known as
HHV1 & HHV2, respectively, which can cause orolabial
herpes & genital herpes), Varicella-Zoster Virus (VZV,
also called HHV-3 & referred to as the cause of chick-

enpox & shingles), Epstein-Barr Virus (EBV or HHV-4,
which leads to several diseases, including mononucleosis
& some cancers), Human Herpesvirus 6A and 6B (HHV-
6A & HHV-6B), Human Cytomegalovirus (HCMV or
HHV-5), Human Herpesvirus 7 (HHV-7), and Kaposi’s
Sarcoma-Associated Herpesvirus (KSHYV, also known as
HHV-8) (Carter J & Saunders V, 2007). West Nile Virus
(WNV) is a neurotropic flavivirus, i.e., associated with
other significant human pathogens, including dengue vi-
ruses, yellow fever viruses, and Japanese encephalitis
viruses, and has been a major cause of viral encephalitis,
globally (Samuel & Diamond, 2006). In the differential di-
agnosis of unexplained meningitis or encephalitis, WNV
infection should be included because a high index of clini-
cal concern occurs about the outcomes of relevant labora-
tory tests (Kemmerly, 2003).

Chronic infections, i.e., currently discussed as risk fac-
tors for stroke are mostly periodontitis and infections
with Streptococcus mutans (Inenaga et al., 2018), Heli-
cobacter pylori (Palm, Urbanek, & Grau, 2009; Ashtari,
Shayegannejad, Saberi, Karkheyran, & Khosravi, 2008),
and Chlamydia pneumoniae (Palm F et al., 2009; Ashtari,
Shayegannejad, Saberi, Karkheyran, & Khosravi, 2007).
Some have indicated that the risk of stroke may be associ-
ated with infection (Huang, Kang, & Zhao, 2013; Abdallah
et al., 2018). We performed this systematic review to iden-
tify the most common microorganisms related to stroke.

2. Methods
Search strategy

In conjunction with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guide-
lines, this study was performed (Moher, Liberati, Tetzlaff,
Altman, & The PRISMA Group; 2009). We also searched
for international databases such as Medline/PMC (via
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PubMed), Scopus, and Web of Science. There was not any
limitation in the date of articles (except until July 2018),
language, and type of documents.

Table 1 defines the search strategy. Using the OR logic,
the search words with identical meanings were combined
and were coupled using the AND logic.

In our systematic analysis, an article was omitted if it
was:

1 .A study on animal models
2. A study on vectors in therapy

3. An article studying post-stroke infection in patients
such as surveying nosocomial infection in patients

4. An article studying one of the strokes along with other
neurological diseases such as septic embolism, meningitis,
stress, and endocarditis

5. A systematic review and meta-analysis
Quality assessment

To evaluate the content of papers, we used the Criteria
for Reporting of Diagnostic Accuracy (STARD). The cri-
teria for the consistency of completeness and reliability of
the documentation of diagnostic precision studies were
included (Scales Jr, Dahm, Sultan, Campbell-Scherer, &
Devereaux, 2008). The methodological consistency (risk
of bias) of the studies according to the Downs & Black
criterion was independently evaluated by two reviewers
(Downs & Black, 1998). By consensus, any differences
were settled and reviewed by a third reviewer.

Data extraction

First, to assess the initial eligibility, we reviewed the ti-
tles and abstracts of the retrieved papers; if necessary, we
analyzed the complete articles in-depth to select them for
the study. Disagreements between authors in data extrac-
tion were settled by consensus.

The following details were extracted from the papers se-
lected: first author’s name, year of publication, location of
the study, type of study, number of cases participated, age
of participants, case group, control group, stroke classifi-
cation in case group, diagnosis test used for microorgan-
ism, infection type, and main results concerning the cor-
relation between infection and stroke in patients.

July, August 2021, Volume 12, Number 4

3. Results

After eliminating the duplicate articles and reviewing
the titles and abstracts, 9161 articles remained. Thirty-
Five full texts were assessed for eligibility after remov-
ing 9001 unrelated records. Figure 1 demonstrates the
search strategy based on the PRISMA Flow Diagram.
Table 2 provides the overview of selected papers.

DiscussionThis systematic review comprehensively
presented studies of the risk of subsequent stroke in in-
fections and their reactivation. A greater understanding
of this relationship contributes to educating strategies for
the prevention of public health strokes.

Human Immunodeficiency Virus (HIV)

Cerebral stroke is a rare complication of HIV infec-
tion (Tipping, de Villiers, Wainwright, Candy, & Bryer,
2007). Numerous case report studies highlighted a dif-
ferent case of stroke that HIV was found to be the stroke
etiology (Manwani, Stretz, & Sansing, 2016), especially
in children or young patients. The laboratory examina-
tion of HIV is therefore mandatory in pediatric strokes,
especially in the high-risk population (Narayan, Samu-
els, & Barrow, 2002; Nogueras C et al., 2002). The cause
of stroke in such patients is HIV-associated vasculopathy
(Tipping et al., 2007). The HIV associated-vasculopathy
subtypes included non-atherosclerotic vasculopathy, ac-
celerated atherosclerosis, and HIV-associated vasculitis
(Benjamin et al., 2017). Two other proposed vasculopa-
thy mechanisms are the inflammation

of the vessel wall by an opportunistic infection (Ben-
jamin et al., 2017) and rarely the primary angiitis of the
CNS in HIV-infected patients, as the leading causes of
stroke (Nogueras et al., 2002).

In a study by Tipping in South Africa on the stroke,
6.1% of stroke patients were HIV infected, 96% were ce-
rebral infarction, and the others were intracerebral hem-
orrhage (4%). HIV infection was proposed as a stroke
risk factor (OR=6.4, 95%CI: 3.1-13.2). In 20 % of pa-
tients, HIV-associated vasculopathy was reported. More-
over, 11% of them, revealed extra-cranially (11%) as to-
tal or significant carotid occlusion. The autopsy of one
patient with occlusion of the extracranial internal carotid
artery by thrombus demonstrated the fibrosis of atrial ad-
ventitia with neovascularisation and lymphoplasmacytic
infiltration with positive for neutrophil elastase, CD3,
CD8, and CD68 and negative for CD20 and P24.
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Table 1. Search strategy applied in the PubMed, Scopus, and Web of Science databases

Database Syntax
PubMed “(stroke[Title/Abstract]) AND (bacteri*[Title/Abstract] OR viral[Title/Abstract] OR virus[Title/Abstract] OR
fung*[Title/Abstract] OR parasit*[Title/Abstract])”
“(TITLE-ABS-KEY (stroke) AND TITLE-ABS-KEY (bacteria*) OR TITLE-ABS-KEY (viral OR virus) OR TITLE-ABS-KEY
Scopus

(fung*) OR TITLE-ABS-KEY (parasite*))”

“TOPIC: (stroke) AND TOPIC: (bacteria* OR viral OR virus OR fung* OR parasite*)

Web of Science

TITLE: (stroke) AND TITLE: (bacteria* OR viral OR virus OR fung* OR parasite*)”

Intracranial vasculopathy was characterized by severe
intracranial vascular degenerative ectasia with superim-
posed thrombosis in HIV-positive patients. Interestingly,
the CD4 count was maintained relative to intracranial
vasculopathy in patients with extracranial vasculopathy
(Tipping et al., 2007).

Smith et al. conducted a study in the UK on adult isch-
emic stroke patients (64 HIV-infected & 107 HIV-unin-
fected); accordingly, they argued that the most common
etiology was HIV-associated vasculopathy (38%), fol-
lowed by opportunistic infections (25%). Furthermore,
accelerated atherosclerotic vasculopathy patients were
not as immunosuppressed as other subtypes of HIV-relat-
ed vasculopathy (Smith, 2017). In a large number (25%)

Figure 1. Literature search and analysis collection flow diagram
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Table 2. The main features of studies investigating the role of infectious agents in strokes

Main Results

Infection Agent

Diagnosis Test
for Microorgan-
ism

Stroke Clas-
sification in the
Case Group

Control Group

Case Group

Age (year)

Number of
Participants

Study Type

Author, Year,
County

- A 13-year-old girl with a
confirmed history of AIDS and
a low CD-4 count had left basal

ganglion stroke and full left
middle cerebral artery (MCA)
occlusion with fusiform dilata-
tion of the left internal carotid
artery proximal to and extend-
ing through the left A1 portion
of the ophthalmic artery. The
alleged etiology of vasculopa-
thy is HIV-associated.

-A 31-year-old, HIV-
infected man with
multi-infarction in the
brain and recurrent
stroke
- Histologic studies
showed HIV-related
angiitis of CNS.

HIV HIV
None PCR to reveal the pres-
(patient had a known history  ence of HIV-integrated
of AIDS) DNA in the tissues

Hemorrhagic (n=1) Ischemic (n=1)

A 13-year-old girl A 31-year-old man

Case report Observation
Nogueras & Rodriguez.
2002,

Spain

Narayan et al. 2002,
USA

- In both immunocom-
petent and immuno-
compromised hosts,

varicella-zoster virus (VZV)

vasculopathy in the (CNS)

is the cause

of stroke. This disease has

been associated with both
varicella (primary infec-
tion) and herpes zoster

(reactivation).

VZV (or HHV-3 or Chick-
enpox)

-PCR to amplify VZV-spe-
cific DNA sequence in her
CSF sample/

- specific intrathecal
antibody

Ischemic (n=1)

A 12-year-old girl

Case Report

Moriuchi et al. 2000,
Japan

- VZV vasculopathy is a
catalyst for stroke in children
and adults.

It affects large vessels in
infants, while it includes large
and tiny arteries in adults.
Also, VZV causes giant cell
arteritis immunopathology.
- In infants, vaccination effec-
tively prevents varicella.

VZV (or HHV-3 or Chicken-
pox)

- VZV-specific antigen
in cerebral arteries
-VZV DNA in vitreous
fluid

Review

Amlie-Lefond & Gilden, 2016
USA

- The immunocompromised
case was treated with high-
dose intravenous methyl-
prednisolone and 2 doses
of 1 g of rituximab. (due to
pauci-immune glomerulo-
nephritis)
-Dermatomal herpes zoster
followed by a stroke with a
good outcome by intrave-
nous acyclovir.

VZV (or HHV-3 or Chicken-
pox)

ELISA to determine VZV im-
munoglobulin G (IgG) ratio
in his CSF sample
serum
PCR to amplify VZV-specific
DNA sequence in his CSF
sample

Ischemic (n=1)

A 51-year-old man

Case Report

Powell et al. 2015,
Mexico

- HCV clearance reduces
intracerebral hemorrhagic
stroke.

-The HCV clearance
prevents the aggravation
of prothrombin deficit and
platelets diminution.

HCV

ELISA
PCR to HCV-genotyping
COBAS TagMan HCV test
to determine HCV-RNA

Hemorrhagic (n=24) Non-
hemorrhagic (n=4.621)

4.646

>30 to <80

7,635

Cohort

Arase et al. 2014,
Japan
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Main Results

Infection Agent

Diagnosis Test
for Microorgan-
ism

Stroke Clas-
sification in the
Case Group

Control Group

Case Group

Age (year)

Number of
Participants

Study Type

Author, Year,
County

- HR of stroke is 1.27 (95% Cl:

1.14 to 1.41) with hepatitis
C infection compared with
non-infected patients.

- Chronic infection with
hepatitis C increases the risk
of stroke.

HCV

None

None

16,376

4,094

20-70

20,470

Cohort

Liao et al. 2012,
Taiwan

- A decreased risk of ischaemic stroke and an increased risk of
hemorrhagic stroke was correlated with seropositivity of HBs
Ag.

- This tends to be secondary to liver dysfunction associated
with viral hepatitis B infection, not due to proinflammatory
effects triggered by atherothrombosis.

HBV

Reverse hemagglutination
ELISA

Ischemic (n=4223)
Hemorrhagic (n= 2523)

275 453 HBsAg-seronegative men with normal
LFT and no clinical history of liver dysfunction

13 902 HBsAg-seropositive men with normal LFT and normal
clinical history; 203 294 HBsAg seronegative
men with abnormal LFT (196 192), a
clinical history of liver dysfunction, (1353), or both (5749); and
28 772 HBsAg-seropositive men with abnormal LFT (22 096), a
history of liver dysfunction (631), or both (6045).

30- 64 men

521.421

Cohort

Sung et al. 2007,
Korea

- HBV reduces the
risk of acute ischemic
stroke.

HBV

None

Ischemic (n=1258)

89,212

22,303

1,000,000

Cohort

Tseng et al. 2016,
Taiwan

- A unusual cause of
pediatric arterial ischemic
stroke is herpes simplex
virus encephalitis.

- A healthy 3-year-old girl
with ischemic stroke due
to HSV 1 encephalitis was
confirmed by PCR and
anti-HSV-1 1gG serocon-
version.

- Past infection with HSV did
not increase the risk of stroke
— Acute HSV infection
doubled the odds of child-
hood AlS.

Herpes viruses (HSV-1,2-) HSV-1

ELISA
IgM/1gG antibodies to herpes
simplex viruses (HSV) 1 and 2

PCR to amplify HSV-1
DNA sequence in her CSF
and serum sample

Ischemic (n=187) Ischemic (n=1)

115 -

326 -
3.1-14.3 A 3-year-old girl

326 1
Original Case Report

Elkind et al. 2016,
New York

Sas et al. 2009,
The Netherlands
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HIV: Human Immunodeficiency Virus; CSF: Cerebrospinal Fluid; VZV: Varicella-zoster Virus; MTB: Mycobacterium Tuber-
culosis; TP: Treponema Pallidum; HHV-3: Human Herpesvirus Type 3; WNV: West Nile Virus; CMV: Cytomegalovirus; EBV:
Epstein Barr Virus; AIS: Arterial Ischemic Stroke; HCV: Hepatitis C Virus; HBV: Hepatitis B Virus; HAV: Hepatitis A Virus;
HBSAg: Hepatitis B Virus Surface Antigen; HSV-1: Herpes Simplex Virus Type-1; ELISA: Enzyme-linked Immunosorbent As-
say; EIA: Enzyme Immunoassay; RIA: Radioimmunoassay; CES: Cardioembolic Stroke; NVAF: Nonvalvular Atrial Fibrillation.

of patients, stroke was observed by the mechanism of
the Immune Reconstitution-Like Syndrome (IRIS) after
Antiretroviral Therapy (ART) (Benjamin et al., 2017).
After an immunodeficient condition, IRIS occurs during
immune system recovery. It is associated with a rapid
decrease in HIV viral load (of 2 logs), a low nadir, then
an increased CD4+ count following the introduction of
ART, and anemia (Haddow et al., 2009; Johnson & Nath,
2014). The mechanism of infiltration of active T cells
may explain this phenomenon (Johnson & Nath, 2014).

Herpes Simplex Virus (HSV)

An unusual cause of pediatric arterial ischemic stroke
is HSV encephalitis (Askalan R et al., 2001). Elkind et
al. assessed the role of HSV in children Acute Ischemic
Stroke (AIS) and by the serological study found that
acute herpesvirus infection especially HSV-1 doubled
the odds of childhood AIS; even if the infection is sub-
clinical. However, based on their results, past infection
was not associated with stroke (Elkind et al., 2016). Fur-
thermore, there is some limited case report in this field,
of which we report two cases below. A 3-year-old girl
with bilateral occipital ischemic stroke, due to HSV-1
encephalitis, was identified by Sas et al. HSV-PCR in
serum and cerebrospinal fluid and anti-HSV-1 immuno-
globulin G seroconversion, occurring within 5 days of
admission were confirmed. Both results were consistent

with primary infection with HSV-1 (Sas et al., 2009).
Terlizzi et al. also described another arterial ischemic
stroke after primary HSV-1 infection in a 10-year-old
girl. Ig-M antibodies to HSV1 presented relatively high
specificity and positive predictive value. Seroconversion
to immunoglobulin G antibodies occurred 16 days after
admission, which makes the correlation stronger. CSF-
PCR for HSV-1 was negative (Terlizzi et al., 2014). El-
bers et al. described that if the CSF test is performed in
3-14 days after symptoms onset, the negative HSV-PCR
does not rule out the acute infection (Elbers et al., 2007).

Varicella-Zoster Virus (VZV)

A common cause of stroke is VZV. Varicella is associ-
ated with approximately one-third of arterial ischaemic
strokes in the pediatric population (Askalan et al., 2001),
i.e.,, a neurotropic alpha-herpesvirus. Chickenpox is
the main infection in childhood. To our understanding,
during which, viruses in neural ganglia, including dor-
sal root ganglia, cranial nerve, and autonomic ganglia,
become latent (Mahalingam et al., 1990). Herpes zoster
(shingles) reactivates the virus and, less commonly, me-
ningoencephalitis, myelitis, numerous severe eye disor-
ders, and VZV vasculopathy can occur when immunity
to VZV mediated by cells decreases with immunosup-
pression or increasing age. All these complications may
occur in the absence of a rash (Amlie-Lefond & Gilden,
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2016). Interestingly, in zoster patients receiving oral anti-
viral therapy, it has been suggested that the risk of stroke
decreases relative to that of untreated zoster patients (Na-
gel, Jones, & Wyborny, 2017). VZV-Associated stroke can
be followed primarily by varicella infection, Herpes Zoster
(HZO), or other forms of herpes zoster in immunocompro-
mised and immunocompetent individuals. In this respect,
Moriuchi et al. explained various VZV-associated stroke
syndromes and vasculitis of the CNS in the literature (Mo-
riuchi & Rodriguez, 2000).

The study of the different databases revealed an increase
in stroke rate after zoster in younger adults and after oph-
thalmic zoster, especially early after zoster. The records of
the Taiwanese National Health Research Institute demon-
strated a 30% increased risk of stroke within 1 year after
zoster (Kang, Ho, Chen, & Lin, 2009), which increases by
4.5-fold with ophthalmic zoster (Lin et al., 2010). The Dan-
ish National Registry reported a 126 % increased risk of
stroke within 2 weeks after zoster, a 17 % increased risk
from 2 weeks to 1 year after zoster, and a 5 % increase in the
risk of stroke after the first year (Sreenivasan et al., 2013).
Data from the general practice database of the UK Health
Improvement Network showed a 1.15-fold increase in the
risk of Transient Ischemic Attacks (TIAs), especially in pa-
tients under 40 years of age. The risk of stroke and TIAs in-
creased by 1.74 and 2.42 folds, respectively, in the category
of patients under 40 years of age (Breuer, Pacou, Gautier,
& Brown, 2014). Furthermore, the UK Clinical Practice
Research Datalink assessment indicated that over time, the
risk of stroke after zoster decreased, with a statistically sig-
nificant age-adjusted incidence of 1.63 at 1-4 weeks, 1.42
at 5-12 weeks, and 1.23 at 13-26 weeks after zoster, and
no decrease at later times (Langan, Minassian, Smeeth,
& Thomas, 2014). A Swedish register-based longitudinal
study found in all age groups Within 1 year of Zoster, a
1.34-fold elevated risk of stroke (Sundstrom et al., 2015).
In the UK report, in patients under the age of 40 years, the
risk of $troke enhanced 10.3 fold within 1 year of zoster
(Breuer et al., 2014). Another UK research found that with-
in 2 weeks of zoster, the risk of stroke increased 2.4-fold
(Minassian, Thomas, Smeeth, Douglas, Brauer, & Langan,
2015). The risk of stroke increased 1.53 fold in the first US
population-based study within 3 months after zoster (Yawn,
Wollan, Nagel, & Gilden, 2016).

Several pathophysiologies were proposed for the role
of VZV in producing stroke, as follows:

A. Nonspecific inflammation and transient thrombo-
philia, especially a deficiency in protein S (Fu, Nguyen,
& Sanossian, 1994).

Basic and Clinical

B. Triggering the immunopathology of giant cell arteri-
tis (Amlie-Lefond & Gilden, 2016).

C. VZV vasculopathy (the predominant pathophysiol-
ogy), which causes 2 important trends: a large vessel (uni-
focal) and a small vessel (multifocal) (Gilden et al., 2002).
In this regard, large vessel involvement more commonly
affects the immunocompetent with obvious neurological
deficit, whereas small vessel involvement more commonly
affects the immunocompromised individuals with nonspe-
cific Central Nervous System (CNS) involvement. A case
was reported by Powell et al. in this category (Table 2)
(Powell, Patel, Franco-Paredes, & Lopez, 2015).

Pathophysiology of VZV Vasculopathy: In pathophysi-
ology, children and adults are equivalent. As intracere-
bral arteries and veins receive a rich supply of trigeminal
afferent fibers, when the virus reactivates during zoster;
especially after ophthalmic zoster, it spreads transaction-
ally to intracerebral arteries from trigeminal or other cra-
nial nerve ganglia. VZV is the only human virus that has
been demonstrated to replicate in cerebral arteries. VZV
infects and induces granulomatous arteritis at all levels
of the cerebral arteries.

Pathology of VZV vasculopathy: It inflicts granuloma-
tous arteritis, as previously described. Cowdry A inclu-
sion bodies, multinucleated giant cells, herpes virions,
VZV DNA, and VZV antigen are revealed by its patho-
logical and virological examination, suggesting VZV
productive arterial infection.

Virologic Confirmation of VZV Vasculopathy: The
presence of VZV vasculopathy is confirmed by positive
VZV PCR (30%) or anti-VZV antibody (anti-VZV IgG
antibody) (93%) in CSF. VZV vasculopathy does not
rule out the absence of cells in the CSF. It could be due to
an early CSF review during the first weeks after a stroke
(3-14 days) (Amlie-Lefond & Gilden, 2016).

Hepatitis C Virus (HCV)

Certainly, the correlation between HCV infection and
atherosclerosis is controversial (White, Ratziu, & El-Se-
rag, 2008). However, the mechanisms that can explain
its role in stroke are atherogenesis and atherosclerosis in
carotid and aortic (Ishizaka et al., 2002). In human carot-
id plaques, HCV RNA was observed, and there is clear
evidence of an association between atherosclerosis and
HCYV infection (Boddi et al., 2010). In the carotid wall,
this may be due to a persistent inflammatory mechanism
(Ishizaka et al., 2002).
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In a study conducted by Liao et al. on a longitudinal
population-based cohort, the Taiwan National Health In-
surance Research Database reported 4,094 newly diag-
nosed adults with HCV and 16376 matched adults with-
out HCV in 2002-2004. Stroke cases from 2002-2008
were reported. For individuals with HCV and without
HCV, the combined risk of stroke was equal to 2.5%
and 1.9%, respectively (P<0.0001), with modified Haz-
ard Ratios (HRs) of stroke being 1.27 for HCV patients
(95%CT: 1.14-1.41) (Liao et al., 2012).

The role of HCV clearance in reducing ischemic stroke
development remains unassessed. Notably, it was treated
for a hemorrhagic intracerebral stroke. The hemorrhagic
propensity increases due to prothrombin deficiency and
platelet diminution in liver dysfunction, and HCV treat-
ment results in a decrease in hemorrhagic stroke (Arase
et al., 2014). For further information in this regard, it is
suggested to assess the role of HCV treatment on the de-
velopment of thrombotic and atherosclerotic events.

Hepatitis B Virus (HBV)

In some studies, HBsAg seropositivity was associated with
an increased risk of hemorrhagic stroke and a decreased risk
of ischemic stroke, i.e., interesting and contradictory to the
other microorganisms examined (Tong, Wang, Xu, Yang, &
Xiong, 2005). Tseng et al. stated that, even with rising age,
HBYV decreases the risk of ischemic stroke relative to the
general population (Tseng, Muo, Hsu, & Kao, 2016).

Additionally, the risk of ischemic and hemorrhagic
stroke was calculated by Sung et al. with multivariable-
adjusted HRs (95%CIs) of 0.79 (0.68, 0.90) and 1.33
(1.15, 1.52), respectively. With healthy liver function, the
risk of stroke does not improve with HBsAg seroposi-
tivity; however, the risk of hemorrhagic stroke and isch-
aemic stroke rises with liver failure relative to HBsAg-se-
ronegative males. This association, therefore, depends on
the liver function, which has no pro-inflammatory effect
on the patient’s coagulation condition (Sung, Song, Choi,
Ebrahim, & Davey Smith, 2007). Contrarily, Pearce et al.
analyzed serological evidence of the previous infection
based on HBV immunoglobulin G seropositivity among
13,904 National Health and Nutrition Review Survey 11
(NHANES III) respondents; consequently, they found a
link between HBV seropositivity and stroke among 20-
59 year-olds (Pearce, Bracher, Jones, & Kruszon-Moran,
2018) without the separation of the ischemic from a hem-
orrhagic stroke that can affect the results.
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West Nile Virus (WNV)

WNV is transmitted to humans through blood transfu-
sions, infected mosquitoes, organ transplantation, and
even trans-utero and probably through breastfeeding
(Hayes & O’Leary, 2004). The neurologic signs of WNV
infection are a spectrum of meningoencephalitis and
WNV poliomyelitis-like syndrome (Sejvar, 2004) and
motor neuropathy (Daroff, 2015). However, the isolated
vasculitis of CNS due to this infection, which resulted in
an ischemic stroke, was reported. The young girl with a
left middle cerebral artery stroke was recorded by Alexan-
der et al. Serum and CSF acute and subacute convalescent
WNYV antibodies (IgG and IgM) were greater than the
healthy range. Cross-Reactivity with other flaviviruses
was ruled out in the state reference laboratory by parallel
monoclonal antibody testing. The presence of WNV-IgM
antibody in CSF fluid strongly indicates WNV infection,
based on the Centers for Disease Control and Prevention
(CDC) criteria. The stroke in this child is therefore most
likely due to cerebral vasculitis that is secondary to infec-
tion with WNV (Alexander, Lasky, & Graf, 2006).

According to our findings, the frequency of other mi-
croorganisms, such as fungi, bacteria, and parasites, was
much lower than viruses in patients with stroke. There-
fore, we have only explained one or two common cases
in each category, i.e., reported in more studies.

Toxoplasma gondii, Toxocara spp.

While a high cumulative burden of viral and bacterial
pathogens can increase the risk of stroke, the contribution
of parasitic infections has rarely been studied concerning
the cumulative burden of the pathogen and risk of stroke
(Pearce et al., 2018). In this regard, few studies considered
the role of parasites in studies of the pathogen burden and
the impact on the outcome of stroke, even though a parasite
infection, like T. Gondii is widespread in the United States,
as is Toxocara spp. (Won, Kruszon-Moran, Schantz, &
Jones, 2008). A correlation between serological evidence
of prior T. gondii and Toxocara infection with stroke was
reported by Pearce and associates (Pearce et al., 2018).

Rhizopus sp.

Although invasive CNS fungal infections are rare, the
associated morbidity and mortality, especially among
immunosuppressed individuals, can be very high (Pan-
ackal & Williamson, 2015).

Several genera belonging to the Moraceae family, such
as Rhizopus, Mucor, and Absidia, cause Zygomycosis
(Mucormycosis). In 95% of instances, Rhizopus is the
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offending organism (Rhizopus arrhizus and Rhizopus ory-
zae). It is often difficult to recover Zygomycosis fungi from
clinical samples; however, they can be easily cultivated
on routine mycological media, as the hyphal elements get
weakened during biopsy procedure or laboratory process-
ing and are thus made non-viable. For the diagnosis of zy-
gomycosis, no standard rapid serological method is avail-
able (Shankar, et al., 2007). Fu et al. (2015) indicated that
clinicians should consider invasive sinusitis as a rare cause
of stroke in diabetics. The prognosis is very poor once the
subarachnoid space and the basal arteries of the brain have
been invaded. Early identification and care are the keys to
improving performance, and it is important to evaluate the
neuroimaging sinuses in all cases of stroke.

Streptococcus Mutans (SM)

Specific types of SM known as dental caries pathogens
possess a Collagen-Binding Protein (CBP) among human
oral bacteria, which is determined by the corresponding
gene. They demonstrate inhibition of platelet aggregation
and activation of Matrix Metalloproteinase-9 (MMP-9). In-
enaga et al. found ischemic and hemorrhagic stroke rates
by saliva sampling and culture obtained from 429 stroke
patients (Inenaga et al., 2018). Nakano et al. documented
that CBP-positive SM is a potential risk factor for hemor-
rhagic stroke, not only through the inhibition of platelet ag-
gregation but also in injured arteries by activated MMP-9
(Nakano et al., 2011).

5. Conclusion

Overall, these data add to the growing body of evidence
linking different microorganism categories, particularly vi-
ruses to stroke. Further research is required, however, to un-
derstand the pathogenesis mechanisms of microorganisms,
as a risk factor for stroke in patients and to determine the
effect of therapy on risk.

Suggestions: We require a meta-analysis to better clarify
this systematic review; To be more precise, it is recom-
mended to use more specialized keywords and specifically
search with one microorganism’s name; Studies included
may have significantly different methodologies that might
limit our ability to draw reliable conclusions from the exist-
ing evidence base.
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