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Abstract
Background: Cardiovascular	disease	(CVD)	is	the	single	biggest	contributor	to	global	
mortality.	CVD	encompasses	multiple	disorders,	including	atherosclerosis,	hyperten-
sion,	platelet	hyperactivity,	 stroke,	 hyperlipidemia,	 and	heart	 failure.	 In	 addition	 to	
traditional	risk	factors,	the	circulating	microbiome	or	the	blood	microbiome	has	been	
analyzed	recently	in	chronic	inflammatory	diseases,	including	CVD	in	humans.
Methods: For	 this	 review,	 all	 relevant	 original	 research	 studies	 were	 assessed	 by	
searching	 in	 electronic	 databases,	 including	 PubMed,	Google	 Scholar,	 and	Web	 of	
Science,	by	using	relevant	keywords.
Results: This review demonstrated that elevated markers of systemic bacterial ex-
posure	are	associated	with	noncommunicable	diseases,	including	CVD.	Studies	have	
shown	that	the	bacterial	DNA	sequence	found	in	healthy	blood	belongs	mainly	to	the	
Firmicutes,	Bacteroidetes,	Proteobacteria,	and	Actinobacteria	phyla.	In	cardiac	events,	
such	as	stroke,	coronary	heart	disease,	and	myocardial	infarction,	the	increased	pro-
portion	of	Proteobacteria	and	Actinobacteria	phyla	was	found.	Lipopolysaccharides	
are	a	major	component	of	Proteobacteria,	which	play	a	key	role	in	the	onset	of	CVD.	
Moreover,	 recently,	 a	 study	 reported	 the	 lower	 cholesterol-	degrading	 bacteria,	 in-
cluding Caulobacterales order and Caulobacteraceae family were both considerably 
reduced in myocardial infarction.
Conclusion: Proteobacteria	and	Actinobacteria	were	shown	to	be	independent	mark-
ers of the risk of CVD. This finding is evidence for the new concept of the role played 
by	blood	microbiota	dysbiosis	in	CVD.	However,	the	association	between	blood	mi-
crobiota	and	CVD	is	still	inconsistent.	Thus,	more	deep	investigations	are	required	in	
future to fully understand the role of the bacteria community in causing and prevent-
ing CVD.
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1  |  INTRODUC TION

Despite	 the	 widespread	 use	 of	 medical	 therapy,	 cardiovascular	
disease	 (CVD)	 is	 still	 the	 leading	cause	of	morbidity	and	mortality	
globally.1	CVD	comprises	cardiomyopathies,	heart	failure	(HF),	con-
genital	heart	disease	(CHD),	coronary	artery	disease	(CAD),	cerebro-
vascular	disease,	abnormal	heart	rhythms,	peripheral	artery	disease	
(PAD),	aortic	disease,	valvular	heart	disease	(VHD),	rheumatic	heart	
disease	(RHD),2 and several other cardiac and vascular conditions.3 
Each	year,	millions	of	people	die	due	to	CVD,	which	coincides	with	
approximately 31% of deaths occurring globally and accounting 
for the cost of approximately one trillion dollars per year.4	In	2017,	
CVD,	 including	 stroke	 and	 ischemic	 heart	 diseases,	 accounted	 for	
17.8	 million	 deaths	 worldwide,	 representing	 approximately	 32%	
of	 total	global	deaths,	with	 three-	quarters	of	 these	deaths	 in	 low-		
and middle- income countries.3,5	In	addition,	one	out	of	every	three	
deaths	 in	the	United	States	 (US)	and	one	out	of	every	four	deaths	
in Europe and Japan are caused by CVDs.6	 Between	 2010	 and	
2030,	40.5%	of	 the	US	population	 is	 expected	 to	have	 some	 sort	
of	CVD,	with	real	overall	direct	medical	costs	of	CVDs	expected	to	
triple	from	273	billion	dollars	to	818	billion	dollars,	and	real	indirect	
costs	(due	to	lost	productivity)	for	all	CVDs	expected	to	rise	by	61%	
(172	billion	to	276	billion	dollars).7	Moreover,	a	recent	study	demon-
strated that the highest CVD deaths were reported in China during 
the	last	5	years,	followed	by	India,	Russia,	the	US,	and	Indonesia,	as	
depicted.5	Several	risk	factors	play	a	role	in	the	progression	of	CVD,	
such	as	genetics,	epigenetics,	and	lifestyles;	the	microbial	population	
is known as microbiota and is another factor that has lately been 
studied.8

The human microbiota is a collection of trillions of different mi-
crobes that inhabit the human body9; these microbiotas live in sym-
biosis	with	a	wide	range	of	communities,	which	are	thought	to	have	
an impact on health and disease.10	Previously,	the	blood	was	thought	
to	 be	 immune-	privileged,	 and	microbial	 infiltration	 into	 the	 blood	
was only associated with infectious diseases.11	Over	the	last	decade,	
this perception has been shattered by studies reporting circulating 
microbial metabolites and the presence of the blood microbiota.12 
Microorganisms	 in	blood	have	been	discovered	to	 impact	host	 im-
mune regulation and chronic inflammatory diseases such as CVDs.13 
The existence of circulating microbiota was initially discovered in a 
large group study consisting of diabetes mellitus and obese individ-
uals.14	Surprisingly,	the	patients	who	had	diabetes	mellitus	and	indi-
viduals who had a risk of diabetes mellitus both had a similar blood 
microbiota. The blood microbiome of individuals with end- stage 
renal	disease	(ESRD)	was	then	profiled.15 Intestinal microbiota was 
found	in	the	blood	of	ESRD	subjects,	who	also	had	higher	levels	of	
inflammatory	markers	in	their	plasma,	such	as	interleukin-	6,	lactate,	
and	high	sensitivity	C-	reactive	protein,	indicating	that	intestinal	mi-
crobiota migration is linked to proinflammation in ESRD patients.

Moreover,	 for	 the	 first	 time,	 the	 existence	 of	 the	 circulating	
microbiome and its long- term prognosis in patients with CVD was 
investigated,	 with	 the	 finding	 that	 disruptions	 in	 blood	 microbi-
ota	 equilibrium	 are	 related	 to	 or	 associated	with	 the	onset	 of	 the	

disease.16	Following	that,	a	study	on	the	existence	of	blood	micro-
biota in CVD patients came up with similar results17; because these 
studies	were	preliminary,	 the	findings	must	be	confirmed	 in	 larger	
research	with	a	large	samples	size	to	demonstrate	the	existence	of	
a	stable	circulating	microbiota	in	the	following	infections.	Bacterial	
DNA	might	be	an	easy	victim	in	the	disease	progression.	The	tools	
governing circulating microbiota synergy and the molecular inter-
play among bacteria and host needed to be further investigated.

Based	 on	 the	 previous	 studies,	 Proteobacteria	were	 shown	 to	
be the most common blood microbial community in CVD. These re-
sults suggest that the existence of a circulating microbiota might be 
one of the primary steps in the development of metabolic diseases 
like	diabetes,	CVD,	and	obesity.	The	existence	of	stable	circulating	
microbes in various disorders might be demonstrated using this pre-
liminary data. The role of inflammation in the progression of many 
diseases,	and	the	proinflammatory	consequences	of	bacterial	blood	
components,	 may	 suggest	 that	 these	 bacteria	 are	 involved	 in	 the	
disease- clinical outcomes. The influence of the intestinal microbi-
ome on innate immunity and CVD complication has been recently 
investigated.18	In	addition,	the	role	of	oral	microbiota	in	the	etiology	
of various disorders has been extensively studied.19 Circulating mi-
crobiome studies give the first evidence of tissue microbial involve-
ment	in	various	disorders,	and	some	insight	into	the	mechanism	of	
action of the blood microbiome. These investigations were observa-
tional,	and	they	were	unable	to	show	that	blood	microbiota	played	a	
causal	or	important	role	in	the	genesis	of	these	disorders.	However,	
the specifics and relevance of the blood microbial profile in human 
health	are	just	beginning	to	be	explored.	Thus,	this	review	highlights	
the evidence for a relationship between the blood microbiota and 
CVDs to facilitate a better understanding of the most current per-
spectives on the blood microbiota composition and CVD.

2  |  HISTORY OF BLOOD MICROBIOTA

Blood	 has	 long	 been	 thought	 to	 be	 a	 germ-	free	 zone,	 but	 later	
portable microparticles detected in the blood were named “ani-
malcules.”	In	1674,	Anton	Van	Leuwenhoek	presented	the	primary	
microscopic	study	of	red	blood	cells	(RBC)	and	minute	organisms	
in	salmon	blood.	Robert	Koch	observed	in	1876	that	blood	micro-
organisms	might	cause	disease,	as	shown	 in	Figure	1.	During	his	
research,	he	discovered	a	large	number	of	Bacillus	anthracis	in	the	
blood	of	anthrax-	infected	cattle.	After	that,	Koch	took	blood	from	
anthrax- infected cattle and inserted it into healthy cattle by mak-
ing	the	healthy	cattle	infected,	revealing	how	anthrax	spread	from	
one	to	another	animal.	Blood	microbes	were	believed	to	be	patho-
genic and only related to infectious diseases. In the mid- twentieth 
century,	bacteria	were	discovered	in	the	blood	using	culture	tech-
niques,	even	 in	healthy	 individuals'	blood.	First,	 the	detection	of	
bacterial	 DNA	 from	 healthy	 human	 blood	 was	 reported.20	 As	 a	
result,	researchers	have	found	living	microorganisms	or	bacterial	
DNA	in	both	healthy	and	diseased	 individuals,	and	their	associa-
tion	with	diseases	such	as	asthma,	Alzheimer's	disease	(AD),	liver	
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cirrhosis,	 liver	 fibrosis,	Parkinson's	disease	 (PD),	 rosacea	 skin	 in-
fection,	diabetes,	and	CVD.21,22

The	 presence	 of	 archaeal	 DNA	 and	 viruses	 in	 the	 circulation	
was	also	shown	by	Shotgun	sequencing	of	the	blood	metagenome.	
Patients	 had	 a	 higher	 prevalence	 of	 bacteriophages,	 whereas	
healthy people had a higher prevalence of viruses.17 In the blood of 
healthy	humans,	a	study	using	ITS2	targeted	sequencing	discovered	
the existence of a fungal microbiome influenced by two fungus taxa 
(Basidiomycota	and	Ascomycota).	Advanced	metabolic	technologies,	
particularly	 the	 2011	 study	 on	 trimethylamine	 N-	oxide	 (TMAO),	
made it possible to identify microbial metabolites in circulation.23 
It was a watershed moment in the research of microbial circulating 
metabolites and disease.

3  |  HE ALTHY HUMAN BLOOD 
MICROBIOTA

The	 16S	 rRNA	detection	 by	 sequencing	 has	 been	 regarded	 as	 a	
hallmark	 of	 microbial	 existence	 and	 a	means	 to	 quantify	 bacte-
rial	 diversity	 since	 the	 emergence	 of	 next-	generation	 sequenc-
ing	 (NGS)-	based	 technology.	 However,	 in	 recent	 years,	 several	
researchers have concentrated their efforts on detecting 16S 
rRNA	in	a	sterile	zone,	such	as	the	blood	of	healthy	individuals.24 
Previous	 studies	 found	 bacterial	 16S	 rRNA	 in	 healthy	 human	
blood,	but	 the	ultimate	mechanisms	and	existence	of	 the	bacte-
ria were not investigated.20	 Bacterial	 diffusion	 from	 the	mother	
before birth or migration from other organs during the ordinary 
lifespan has been the only explanation.24 Several studies showed 
that the phylum Proteobacteria dominates the blood microbiota 

of	 healthy	 humans,	 followed	 by	 Actinobacteria,	 Bacteroidetes,	
and	Firmicutes,	 though	there	were	variations	between	studies.11 
Paisse	et	 al.	 investigated	 the	blood	of	 thirty	young,	healthy	vol-
unteers	 in	different	 fractions	 such	as	DNA	extracted	 from	RBC,	
buffy	 coat,	 and	whole	blood	by	 sequencing	16S	 rRNA	gene	V3-	
V4 hypervariable regions to investigate the blood microbiome 
composition	using	qPCR.	The	buffy	coat	had	the	highest	percent-
age	 of	 bacterial	 DNA	 (93.74%),	 followed	 by	 RBCs	 (6.23%)	 and	
plasma	 (0.03%),	 RBC	 fraction	 containing	 greater	 bacterial	 diver-
sity than a buffy coat and plasma.25	 Intriguingly,	 Proteobacteria	
were	found	in	more	than	80%	of	the	blood	samples,	followed	by	
Actinobacteria	(6.7%–	10%)	depending	on	the	fraction,	in	contrast	
to	the	gut	taxa	Firmicutes	and	Bacteroidetes.26 These studies re-
vealed that the blood microbiota could be translocated from the 
gastrointestinal	tract	(GIT)	because	most	of	the	bacteria,	as	men-
tioned	earlier	at	the	phylum	level,	have	been	reported	in	the	gut	in	
several previous studies.27,28

According	 to	 recent	 studies,	microbial	DNA	 is	mainly	 found	 in	
cellular components in healthy people25; there was a significant dif-
ference between the healthy gut and the blood microbial community 
composition.	Firmicutes	and	Bacteroidetes	phyla	were	predominant	
in	the	gut,	while	Proteobacteria	was	found	dominant	 in	the	blood.	
The blood microbiota is more intimately associated with the skin and 
oral microbiota. Studies on healthy blood suggest that more bacte-
rial translocation occurs from these niches under normal physiology 
rather	than	the	gut.	Several	studies	have	discovered	viruses,	fungi,	
and archaea in the blood of healthy people.11 The healthy human 
circulating microbes are assumed to be inactive since it does not 
cause	 intricacies	 like	 sepsis	 and	 inflammation;	 however,	 the	 circu-
lating microbiome performs a vital function in natural physiology 

F I G U R E  1 Timeline	indicating	significant	advances	concerning	human	blood	microbiome	research
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and immunology.29	Moreover,	further	study	is	necessary	to	explore	
the	role	of	blood	microbiota,	its	physiology,	and	immunity	in	healthy	
humans.

4  |  BLOOD MICROBIOTA AND DISE A SE

As	distinct	anatomical	 areas	of	 the	human	body	have	 their	micro-
biota,	dysbiosis	in	its	composition	is	bound	to	cause	and/or	contrib-
ute to a variety of human diseases.30	Many	studies	have	found	that	
dysbiosis has been linked to the onset and development of a variety 
of diseases.31	For	instance,	the	correlation	between	the	circulating	
microbiome and the development of liver disease has been revealed 
by different studies.32	 In	addition,	 the	researchers	used	16S	rRNA	
sequencing	and	qPCR	to	evaluate	 the	 link	between	circulating	mi-
crobial community profiles and liver fibrosis in obese persons.33 
Patients	with	fibrosis	revealed	increased	levels	of	16S	rRNA	in	their	
blood	than	healthy	people,	indicating	that	there	is	a	unique	microbial	
collection linked to liver fibrosis that might be used as a probe for 
initial diagnosis.34	In	addition,	a	previous	study	evaluates	the	relation	
between	 alteration	 in	 the	 circulating	 microbiome	 and	 Parkinson's	
disease.	 The	 16S	 rRNA	 sequencing	was	 used	 to	 evaluate	 the	 tax-
onomic	composition,	where	some	 taxa	were	 found	 that	 related	 to	
pathology,	including	Cloacibacterium,	Isoptericola,	Paludibacter,	and	
Saccharofermentans.35	Hammad	and	colleagues	have	evaluated	the	
characteristics	of	blood	bacterial	DNA	in	ankylosing	spondylitis	(AS),	
rheumatoid	arthritis	(RA)	patients,	psoriatic	arthritis	(PA),	and	con-
trols.	 In	this	regard,	 to	 identify	bacterial	community	members,	 the	
16S	rRNA	V4	region	was	sequenced	in	all	samples,	the	blood	bacteria	
was	dominated	by	four	phyla,	mainly	Proteobacteria,	Actinobacteria,	
Firmicutes,	and	Bacteroidetes,	and	at	the	phylum	level,	confirming	
the prior findings of a core blood microbiome.36

Moreover,	another	study	examined	the	microbial	signature	with-
out	 ascites,	 and	 ascite	 patients	 and	 various	 and	 unique	 microbial	
communities were identified in the ascitic fluid and serum of cirrhotic 
patients	using	high-	throughput	16S	rDNA	sequencing.	Surprisingly,	
microorganisms were virtually completely absent in sera taken from 
healthy controls.37 The researchers discovered an unknown phylum 
of Cyanobacteria in the serum of people suffering from ascites.

Additionally,	the	blood-	associated	microbiome	has	been	studied	
in	dermatologic	diseases	such	as	hidradenitis	suppurativa,38 psoria-
sis,39 and rosacea.40	According	to	Faith's	phylogenetic	alpha	diversity	
study,	the	blood	microbiome	of	rosacea	patients	differed	somewhat	
from that of controls. The relative abundance of Fusobacteriaceae 
and Chromatiaceae families was substantially greater in the blood 
of patients with rosacea. Fourteen bacterial genera showed dif-
ferent abundance among patients with rosacea and controls. The 
Rheinheimera	genus	differed	increasingly	between	groups,	with	ro-
sacea patients having a much higher abundance.40	 Recently,	 Shah	
et	al.	also	discovered	two	variations	(Phylum	and	Class	level)	in	the	
blood	 bacterial	 DNA	 composition	 of	 patients	with	 chronic	 kidney	
disease	(CKD)	vs.	healthy	at	the	phylum	level	(Proteobacteria:	61%	in	
CKD	vs.	54%	in	healthy),	and	the	class	level	(Gammaproteobacteria:	

45%	in	CKD	vs.	38%	in	healthy).	Even	though	these	changes	were	
statistically	significant,	their	size	was	minor.	However,	investigations	
have	shown	that	profiling	16S	rDNA	in	the	blood	of	CKD	patients	
is	a	more	difficult	task,	after	accounting	for	a	large	number	of	com-
parisons and potentially confusing clinical factors.41	Another	case-	
control study was conducted regarding 15 age-  and sex- matched 
healthy	 vs.	 28	 women	 patients.	 They	 determined	 the	 microbi-
ome	 in	 the	 blood	 using	 bacterial	 16S	 ribosomal	DNA	 sequencing.	
There	 are	 216	 genera,	 12	 phyla,	 26	 classes,	 115	 families,	 and	 54	
orders,	 among	 the	1352	operational	 taxonomic	units	 (OTUs)	were	
found.	 Proteobacteria,	 Actinobacteria,	 Bacteroidetes,	 Candidatus	
Saccharibacteria,	and	Firmicutes	have	mean	relative	loads	of	77.56	
percent	 (predominated),	 13.23%,	 3.98	 percent,	 3.05	 percent,	 and	
1.28	percent,	respectively,	among	the	10	known	phyla.42 This result 
followed	what	has	previously	been	discovered	in	healthy	people,25 
as blood microbial community composition in CVD subjects is shown 
(Table	1).	In	this	study,	alpha	diversity	was	not	significant	among	both	
groups,	 although,	 between	 Rheumatoid	 arthritis	 patients	 and	 the	
control	group,	a	significant	variation	was	found	in	beta	diversity.29 
Obesity,	 diabetes,	 heart	 failure,	 neurodegenerative	 diseases,	 liver	
disease,	cancer,	and	hematologic	disorders	all	have	bacterial	compo-
nents that may be detected in the blood.25 Inactive forms of many 
bacteria,	including	known	pathogens,	can	be	found	in	the	blood	and	
within	RBCs.	In	this	regard,	thanks	to	recent	developments	in	bac-
terial	culturing	methods,	microscopy,	and	NGS	approaches,	we	can	
better evaluate microbiota in both health and disease.

5  |  BLOOD MICROBIOTA AND 
C ARDIOVA SCUL AR DISE A SE

Previously numerous researchers have examined the impact of the 
microbiome	in	the	progression	of	various	disorders,	with	the	ma-
jority of them focusing on the intestine microbiome.43	However,	
recently several studies led to explore the link between the cir-
culating microbiome and disease in humans.24	 A	 study	 reported	
that bacteria from the oral or the gut had been detected in ath-
erosclerotic	 plaques,	 and	 atherosclerotic	 plaque	 contains	 sub-
stantially more Proteobacteria and fewer Firmicutes.44 Indicating 
that	the	filtering	system	is	selective,	allowing	only	some	bacteria	
into the bloodstream.14	 By	 contrast,	 the	 phylum	 Proteobacteria	
has	been	found	in	a	lower	proportion	in	stool	samples,	while	the	
Bacteroidetes	and	Firmicutes	taxa	were	the	most	diverse.45 In ad-
dition,	 a	 6–	9	 year	 follow-	up	 analysis	 revealed	 for	 the	 first	 time	
that the circulating microbial community structure could predict 
the development of diabetes.14	 After	 one	 year,	 the	 researchers	
found	 lower	bacterial	DNA	and	higher	Proteobacteria	phylum	 in	
the	 blood	 of	 people	who	 had	 cardiovascular	 (CV)	 complications	
during	 follow-	up	 duration.	 Amar	 et	 al.	 revealed	 the	 Eubacteria	
and	 Proteobacteria	 tertiles	 hazard	 ratio	 for	 a	 primary	 outcome.	
Volunteers who had the decreased proportion of Eubacteria and 
the	 increased	proportion	of	Proteobacteria	had	a	3.7-	fold	higher	
risk of CV events than those who had the elevated levels of 
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Eubacteria and the reduced level of Proteobacteria (p =	0.003).16 
In	 2013,	 Rajendhran	 et	 al.	 used	16S	 rRNA	 sequencing	 to	 assess	
microbial profiles in whole blood samples from CVD people and 
normal	 individuals	 (barcoded	 ion	 sequencing);	 Proteobacteria	
were	on	the	overhead,	whereas	Firmicutes	were	on	the	decreased,	
despite	at	phylum	level,	no	variation	was	observed.	The	same	re-
searchers discovered a notable increase in Pseudomonadaceae 
and	a	decrease	in	Staphylococcaceae,	Gamma	Proteobacteria,	and	
Bacillales	at	a	 lower	taxonomic	 level	using	shotgun	metagenome	
sequencing.46 Dinakaran et al. demonstrated increased bacterial 
DNA	concentration	and	microbiome	variation	in	the	CVD	patients'	
blood.	The	study	revealed	that	Actinobacteria	phylum	was	highly	
enriched in healthy subjects while Proteobacteria were predomi-
nant in patients. The researchers also discovered that in the cir-
culating	virome	of	CVD	patients,	bacteriophages	 (Pseudomonas,	
Rhizobium	 phages,	 and	 Propionibacterium)	 were	 abundant,	
whereas eukaryotic viruses predominate in healthy people.

In	contrast,	a	 longitudinal	study	discovered	a	nonsignificant	in-
crease in Proteobacteria proportion and the converse relationship 
between	Eubacteria	16S	rRNA	and	CVD	events	such	as	myocardial	
infarction	(MI).17	Although,	several	studies	demonstrated	that	CVD	
patients	had	a	high	proportion	of	microbial	DNA	and	Actinobacteria/
Proteobacteria in their blood plasma.12	Moreover,	 the	 high	 abun-
dance of Proteobacteria has also been found in atherosclerotic 
plaques,	 blood,	 gut,	 and	 many	 chronic	 inflammatory	 disorders,	
such	 as	 chronic	 lung	 diseases,	 metabolic	 syndrome,	 inflammatory	
bowel	 disease,	 and	 CVDs.47,48 This suggests that inflammation 
caused by gut bacterial translocation into the blood is a common 
underlying	mechanism	in	various	disorders,	resulting	in	pleomorphic	
microbial alterations in the blood.49 The rise in Proteobacteria in 
chronic inflammatory disorders is likely due to being released into 
the	bloodstream	after	cell	death	in	the	indicated	organs.	Moreover,	
it has already been established that lipopolysaccharides are the 
major	 component	 of	 Proteobacteria,	 which	 play	 a	 key	 role	 in	 the	
onset of CVD.41	 With	 this	 background,	 lipopolysaccharides	 are	
associated with a significantly increased risk of CVD produced by 
Proteobacteria,	suggesting	that	 in	the	onset	of	metabolic	disorder,	
Proteobacteria might play a crucial role.

Additionally,	 the	 role	 of	 microbes	 in	 CVDs	 has	 been	 focused	
on	 pathogen-	related	 complications,	 such	 as	 pericarditis,	 endocar-
ditis,	 rheumatic	 carditis,	 and	 myocarditis.50 Porphyromonas gin-
givalis,	 Enterococcus	 species,	 S.	 aureus,	 Chlamydia	 pneumoniae,	
Streptococcus	species,	Trypanosoma	cruzi,	Klebsiella,	Helicobacter	
pylori,	 Escherichia	 coli,	 herpes	 simplex	virus,	 and	 cytomegalovirus	
are the primary pathogens implicated in infections connected to 
CVD.12	Bacteremia	and	sepsis	are	caused	by	the	proliferation	of	bac-
teria	in	the	blood,	resulting	in	death.	Furthermore,	the	latest	study	of	
1312	newly	diagnosed	CAD	and	727	newly	diagnosed	patients	with	
stroke discovered that pathogen infection is a significant predictor 
of	CVD	risk,	mainly	stroke.51	Microbes	 in	the	bloodstream	are	the	
leading	cause	of	 the	microbial	 invasion	of	atherosclerotic	plaques,	
which contributes to inflammation and CVD.52	In	addition,	investiga-
tions	have	discovered	that	bacterial	species,	mainly	Staphylococcus	

species,	are	detected	at	higher	levels	in	blood	samples	from	patients	
with	IHD,	CHD,	and	VHD.12

Furthermore,	 Zhou	 et	 al.	 revealed	 that	 the	 breakdown	 of	 the	
intestine obstacle made up of tight junction proteins caused mi-
crobial translocation from the stomach to the blood in ST- segment 
elevation	myocardial	 infarction	 (STEMI)	 patients	 and	mouse	mod-
els.	There	was	a	rise	in	the	discovery	of	intestinal	bacteria	in	STEMI	
patients	 (Lactobacillus,	 Bacteroides,	 and	 Streptococcus).53	 Amar	
et	al.	revealed	that	many	(Norcardiaceae,	Aerococcaceae,	Gordonia,	
Propionibacterium,	Chryseobacterium,	and	Rhodococcus)	are	pres-
ent	in	the	blood	of	our	control	and	patients,	and	curiously,	the	relative	
proportions	of	all	of	them	are	decreased	in	MI	patients.	Furthermore,	
both	statistical	techniques	revealed	that	the	Caulobacterales	order	
and the Caulobacteraceae family were significantly lower in the 
myocardial	infarction	patients,	and	their	presence	in	the	blood	of	MI	
patients appeared to be negatively associated with left ventricular 
ejection	fraction	(LVEF)	at	inclusion.54 Studies on blood microbiota 
in	 other	 diseases	 are	 described	 (Table	 2).	 The	 data	 could	 not	 suf-
ficiently explain the microbial community signature characteristics. 
However,	various	genera	and	species	 reported	 in	 the	 results	were	
not	always	the	same.	Hence,	the	microbial	community	structure	of	
blood	is	more	intricate,	necessitating	a	more	detailed	investigation.

6  |  ORIGIN OF BLOOD MICROBES

The microbiota in the blood is still debatable whether it is indigenous 
or	endophytic.	Bacteria	in	the	blood	result	in	bacteria	translocating	
from	other	parts	of	the	body,	primarily	the	gastrointestinal	system	
(GIT).25	 Indeed,	 bacterial	 translocation	 from	 the	 GIT,	 particularly	
through	 the	 intestinal	epithelial	mucosa,	has	been	associated	with	
the	pathophysiology	of	diabetes,	CVD,	hematological	disorders,	and	
cirrhosis.55,56 Other ways could enhance the passage of gut microbes 
into the blood even if the intestinal epithelial barrier is not disrupted. 
Dendritic cells (mammalian immune system antigen or accessory 
cells)	can	absorb	microorganisms	and	transport	them	across	the	in-
testinal epithelium57 or with the help of intestinal mucus- secreting 
goblet cells.58	Intestinal	M	cells	(mucosa-	associated	lymphoid	tissues	
specialized	epithelial	cells)	may	also	play	a	role	in	bacterial	transloca-
tion from the intestinal lumen to the blood circulation system.11,59

In	addition,	a	study	compared	healthy	people's	microbial	DNA	to	
microbiome	data	 from	 the	Human	Microbiome	Project.	The	 study	
revealed that the blood microbiome is similar to oral and skin micro-
biota,	whereas	it	was	significantly	different	from	the	gut	microbiota.	
Although	bacterial	 transmission	 into	 the	blood	 is	unusual,	 it	might	
take	place	more	often	in	healthy	humans,	supporting	recent	findings	
of	 a	 healthy	 human	 blood	microbiome	 (HBM).60	 Furthermore,	 an-
other important origin of microbial translocation into the blood cir-
culation	from	a	microbiome-	rich	source	leads	to	barrier	breakdown,	
infection,	and	trauma.61	Bacterial	translocation	into	the	circulation	
is	 facilitated	 by	 daily	 activities	 such	 as	 biting,	 tooth	 cleaning,	 and	
flossing.62,63	 Periodontitis,	 a	 common	 inflammatory	 condition	 that	
affects	more	than	half	of	the	population	over	the	age	of	50,	results	
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in	the	breakdown	of	tooth-	supporting	structures,	and	the	deepen-
ing	and	ulceration	of	periodontal	pockets,	allowing	bacteria	to	enter	
the bloodstream.64,65	 The	 human	 blood	 microbiota,	 origins,	 and	
portals	of	entry	of	microbes	into	the	blood	are	presented	(Figure	2).	
However,	 the	 exact	 origin	 of	 the	 human	 blood	microbiome	 is	 still	
not	confirmed.	Further	detailed	research	is	required	to	explore	the	
origin of blood microbiota.

7  |  CIRCUL ATING MICROBES A S 
A BIOMARKER AND TARGET FOR 
C ARDIOVA SCUL AR DISE A SE

To investigate variation in the circulating microbiome and their me-
tabolites,	sophisticated	techniques,	such	as	NGS	and	metabolomics,	
are	 currently	 being	used.	 In	 addition,	 biosensors	 and	nanosensors	
for detecting specific bacteria or their metabolites will make incor-
porating these biomarkers into routine clinical examination much 
more	accessible.	As	a	therapeutic	alternative,	many	treatments	have	
been	used	to	reinstate	the	circulating	microbiome	and	metabolites,	
as	shown	in	Figure	3.	To	restore	GIT	microbiota,	which	could	have	
a significant impact on the circulating microbiome and metabo-
lites.	 In	 this	 respect,	 prebiotics	 (dietary	modifications),66 bacterial 

probiotics,67 and antibiotics23,68 have been used to repair the gut 
barrier and restore the altered blood microbiota.69	Kidney	dialysis,	
a	frequent	renal	failure	treatment,	may	be	a	therapeutic	option	for	
rebuilding the blood microbiota in diseased subjects. Gut bacteria 
and their metabolites can be selectively filtered using hemodialysis 
membranes.	Such	as,	indoxyl	sulfate	has	been	successfully	removed	
from patients with advanced kidney failure using the oral charcoal 
adsorbent	 (AST-	120).69	Drugs	 that	 target	host	mediators,	microbi-
ota,	and	their	metabolites	are	currently	being	developed,	with	some	
being tried in clinical trials.70,71	 TMAO	 has	 been	 identified	 as	 the	
most promising therapeutic target for CVDs.72

8  |  LIMITATIONS AND FUTURE 
PERSPEC TIVES

Blood	is	no	longer	thought	to	be	a	germ-	free	zone.	Numerous	stud-
ies reported that blood circulation appears to be one of the most im-
portant bacterial habitats in the human body. The majority of clinical 
studies compare the blood microbial composition of the patient with 
healthy	controls.	Recent	studies	have	offered	a	useful	characteriza-
tion	of	 the	blood	microbial	profile	 in	patients	with	CVD;	however,	
descriptive data remain a challenge. The biggest challenge we face is 

F I G U R E  2 The	human	blood	microbiota.	Origins	and	portals	of	entry	of	microbes	into	the	blood
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identifying a particular blood microbiota- based target for preventing 
CVD.	In	this	regard,	most	research	uses	just	blood	samples,	making	it	
impossible to determine whether a section of the blood microbiome 
differs in patients who have CVD before or after the disease. This 
information would be extremely useful in the development of CVD 
prediction biomarkers and/or therapeutic targets to avoid CVDs. In 
addition,	despite	 its	many	advantages,	such	as	high	sensitivity	and	
exhaustivity,	 the	 molecular	 approach	 based	 on	 the	 quantification	
and	identification	of	bacterial	DNA	is	unable	to	separate	DNA	from	
living	bacteria	from	DNA	originating	from	bacterial	breakdown.	Even	
if	 this	 is	not	a	barrier	 for	biomarker	development,	 it	makes	under-
standing the mechanisms underlying blood microbiome diversity in 
CVD patients more difficult.

Furthermore,	 large	sample	size	and	participants	from	multiple	
locations	 should	 be	 included	 in	 future	 studies.	 Also,	 conducting	
a broad cohort study or a translational study to understand fur-
ther how the blood microbiota directly contributes to CVD may 
take	a	 little	 longer.	Furthermore,	studies	speculated	that	bacteria	
in the blood came via leakage in the gastrointestinal tract. In con-
trast,	 others	 suggested	 that	 the	microbiome	may	 come	 from	 the	
oral tract or skin and disperse into the bloodstream when these 
protective barriers are breached.11	 However,	 the	 above	 studies	
reported a high level of phylum Proteobacteria detected in the 
blood of CVD patients while the mechanism and pathogenic role 
of Proteobacteria in CVD remains to be explored. The existence of 
the microbiome in the blood was found to be more closely linked 
to	CVD	clinical	features.	As	a	result,	the	load	and	variation	of	the	
circulating	microbiome	are	affected	by	the	disease's	clinical	condi-
tion	and	 immunological	 status.	 In	 this	 regard,	obesity,	age,	smok-
ing,	 gender,	 alcohol	 use,	 genetic	 predisposition,	 hypertension,	
and diabetes mellitus have an impact on the blood microbiome of 
CVD	patients.	Aside	from	these	characteristics,	decades	of	study	
have shown that GIT and oral cavity disorders have a substantial 
influence on the circulating microbiome in CVDs. The use of the 
intravenous	drug,	 implantable	cardiac	devices,	and	prosthetic	de-
vices addiction may introduce circulating microbiota from outside 
sources,	 leading	 to	 CVD	 problems.	 As	 a	 result,	 explaining	 these	
changes in the structure of blood microbiomes will help us better 

understand	the	role	of	the	microbiome	in	the	pathology	of	CVDs,	
and the possible involvement of microbiome from various tissues 
will be explored further.

9  |  CONCLUSION

Blood	 is	 no	 longer	 considered	 a	 sterile	 environment,	 and	multiple	
lines of evidence suggest that it is one of the major microbial niches 
of the human body. It is significant to remember that the presence 
of live bacteria in the blood cannot be directly linked to the detec-
tion	of	microbial	DNA/RNA	 in	 the	 circulation.	The	blood	microbi-
ome	and	metabolome	undergo	 significant	 alterations	during	CVD,	
suggesting	 that	 they	may	play	 a	 role	 in	 the	disease's	 etiology	 and	
progression.	Subsequently,	to	establish	the	blood	microbiota	and	its	
metabolites	as	biomarkers	and	therapeutic	targets	in	CVD,	further	
study is needed to understand better the molecular mechanisms of 
microbial translocation and their physiology in disease development.
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