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Mini review 
Fluid dynamics influences innate cellular immunity. In the human 

body fluid dynamics is different: the blood rapidly moves in the 
cardiovascular system whereas lymph, interstitial and cerebrospinal 
fluids move slowly. Bactericidal mechanisms of the body depend 
upon the speed of liquid media flow. Phagocytosis of bacteria 
needs relatively long time1,2 and so it occurs in slow motion liquid 
media, for example, in the tissues and lymph. In the bloodstream the 
cells move rapidly and only electric charge attraction phenomenon 
can pull and fix bacteria on the surface of bactericidal cells. In the 
tissues resident macrophages, lymph node leukocytes and neutrophils 
transmigrated from the bloodstream are the main bactericidal cells; in 
the bloodstream the main bactericidal cells are erythrocytes.3,4 They 
catch bacteria by electric charge and kill by oxygen release.5 The net 
electrical charge of molecules exposed at the surface of erythrocyte 
cell membrane (zeta potential) is-15.7millivolts (mV)6 and is not 
enough for attraction and fixation of bacteria. Enough strong charge 
for catching and fixing bacteria is generated during erythrocytes 
move in the cardiovascular system. This charge is called triboelectric 
because it is induced by friction: rubbing of erythrocytes against each 
other and vessel walls. The blood flow provides additional triboelectric 
charging that depends upon blood viscosity, hematocrit, and the speed 
and manner of blood flow (laminar, turbulent, etc.).5 Bacteria are 
triboelectrically charged as well and this charge considerably exceeds 
bacterial own zeta potential. In capillaries, the blood flow is relatively 
slow. Erythrocyte width is 25% larger than capillary diameter,7 and 
this causes elastic deformation of erythrocytes and friction against 
the walls of capillaries. The stimulation of membrane receptors by 
friction, triboelectric charge and membrane mechanical deformation 
cause abundant release of oxygen from oxyhemoglobin that improves 
the oxygen transfer from erythrocytes to tissues. The release of oxygen 
kills bacteria that pass the capillaries with erythrocytes, besides, 
bacteria are killed by mechanical squeezing between erythrocytes. 
Another co-factor for the oxygen release is osmotic pressure. The 
decreased velocity of flow in the capillaries increases the blood 
pressure, due to Bernoulli’s principle. This induces gas and nutrients 
to move from the blood to the cells, due to the lower osmotic pressure 
outside of the capillary. The opposite process occurs when the blood 
leaves the capillaries and enters the venules, where the blood pressure 
drops due to an increase in flow rate.8

The cardiovascular system of the human body can be compared 
with a network of tubes. It consists of a pump and a system of branched 
vessels. The arteries transport the blood to the periphery in a manner 
similar to that of a water supply network.9 Rubbing of erythrocytes 
against each other and vessel walls generates triboelectric charging 
and is determined by the diameter of vessels and blood flow type and 
velocity. The diameter of blood vessels ranges from 8micrometer to 
34,000micrometer (Figure 1). Capillaries have the smallest diameter 
(8-10 micrometers), the largest diameter is in the V. Cava. The 
diameter of blood vessels is affected by different factors including 
vessel contraction and relaxation, development of atherosclerosis, 
presence of aneurisms and even respiratory cycle (as in V. cava 
inferior). Generally, blood flow is laminar (Figure 2). But in high 
speed flow, for example, in the ascending aorta, the flow may become 
turbulent. In this case, blood does not flow linearly and smoothly in 
adjacent layers, and becomes chaotic. Turbulent flow also happens at 
branch points of large arteries, in arterial stenosis, and across stenotic 
heart valves. Turbulence increases the energy needed to drive blood 
flow because of friction, which generates triboelectric charging of 
erythrocytes. Turbulence starts in high velocity of flow. So, increase 
in turbulence is not gradual. The features of the microscale flow 
for turbulent flows have not been revealed. In capillary tubes, the 
erythrocytes are more concentrated towards the centre of the vessel, 
leaving significant RBC-free layer near the vessel walls.10 This 
phenomenon is called the Fahraeus effect and is described as the 
decrease in average concentration of red blood cells in human blood 
as the diameter of the glass tube in which it is flowing decreases. The 
Fåhræus effect take place in blood vessels with diameters less than 
500 micrometers. The Fahraeus effect occurs because the average 
RBC velocity is higher than the average plasma velocity.

Different diameter of the vessels in human circulatory system 
and high velocity of bloodstream provide friction of erythrocytes 
and their triboelectric charging in all parts of cardiovascular system. 
It means that erythrocytes are able to attract and fix bacteria during 
cycle of circulation. As a result, in arteries and capillaries erythrocytes 
catch bacteria and effectively kill them by oxidation (Figure 3). The 
situation is different with bacteria killing. After passing through 
capillaries and dropping oxygen to the tissues, erythrocytes lose 
capacity to kill bacteria. But the lack of oxygen short-term and lasts 
only during erythrocytes travel from venules to lung alveoli. Each 
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Abstract

Leukocytes cannot recognize or engulf bacteria in flowing blood and so phagocytosis 
is impossible in the bloodstream. Catching by electric charge and killing by oxidation 
is the most rapid and rational bactericidal mechanism in the bloodstream. Erythrocytes 
are well equipped for using this mechanism: their unique membrane is easily charged 
by friction and so effectively attracts and fixes bacteria; their inner space contains 
enough oxygen for oxidation and prompt killing of bacteria. Erythrocytes kill bacteria 
but cannot digest them. The dead bacteria are disintegrated and digested in the liver 
and the spleen.
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complete circulation of erythrocytes takes about 20seconds11 and 
so erythrocytes are unable to kill bacteria for less than 20seconds. 
After entering the lungs and binding oxygen erythrocytes restore 
the capacity to kill bacteria. Pathogen catching by electric charge 
attraction is effective along human all blood vessels. A bacterium 
killing by oxidation is a universal and powerful bactericidal tool 
of innate immunity. Bacteria protect themselves from oxidation 
by producing catalase, thick and dense capsule and slowing down 
metabolic activity. The content of erythrocytes is bactericidal as well. 
Hemoglobin per se has broad-spectrum antimicrobial activity,12 it is a 
precursor of antibacterial peptides,13–15 and potentiates the activity of 
human defensins, cathelicidin and lysozyme.16 

Figure 1 The diameter of blood vessels and blood velocity in vascular system.

Figure 2 Blood flow in the different parts of human vascular system.

Another function of erythrocytes is the transport of immune 
complexes.17 Erythrocytes express complement receptors (E-CR), 
which can extrinsically bind C3b and Cb4. This interaction allows 
primate erythrocytes to bind complement opsonized particles 
and immune complexes, a phenomenon historically referred to as 
immune adherence. The binding of C3b and C4b by E-CR also leads 
to inhibition of complement activation.18 When antigen/antibody 

immune complex (IC) form in the presence of complement, C3b 
binds covalently to the complexes. Such opsonized complexes attach 
to cells bearing complement receptor 1 (CRl), which is mostly found 
on erythrocytes in the circulation. This allows IC to be transported 
through the circulation to the fixed macrophage system of the liver 
and spleen. In addition, C3b bound to the complexes is catabolized 
by factor I (with CRl as a cofactor) so that the complement-activating 
properties of the complexes are reduced. Complement and erythrocyte 
CRl contribute to the safe and effective elimination of IC in humans. 
This physiologic system prevents IC deposition in the vessel walls.17 
The loss of erythrocyte CR1 may be an important pathogenic factor 
in the development and severity of IC-mediated diseases, such as 
systemic lupus erythematosus (SLE).18

Figure 3: Erythrocyte bactericidal function in the bloodstream.

Erythrocyte number, intracellular amount of hemoglobin, 
abnormalities of erythrocyte structure and other changes in erythrocyte 
influence blood bactericidal activity. All kinds of anemia are associated 
with an increased frequency of bacterial infections.19,20 There is 
evidence to suggest that in hemolytic states massive erythrocyte 
ingestion by macrophages interferes with their antibacterial function, 
thereby predisposing infection.21,22 It often happens in the case of 
hemorrhage or erythrocyte extravagation, for example, in the stage of 
streptococcal pneumonia red hepatisation.23 In the tissues erythrocytes 
are void of oxygen and so are vulnerable to pathogens: bacteria 
destroy erythrocytes by hemolysins and/or enter and proliferate 
inside erythrocytes.23 Thus, erythrocytes may become a rich source 
of protein, iron and other nutrients for bacterial growth. The ingestion 
of erythrocyte by resident macrophages and transmigrated from the 
bloodstream leukocytes (neutrophils and monocytes) may inhibit or 
considerably decrease the Phagocytosis of pathogens.

In the bloodstream erythrocytes have enough oxygen for effective 
killing of bacteria, but they cannot destroy and digest them because 
of the absence of appropriate intracellular structures. Killed bacteria 
are digested in the liver and the spleen by Kuppfer cells and spleen 
macrophages.

Conclusion 
The bactericidal activity of erythrocytes in the human 

cardiovascular system is provided by a unique physicochemical 
mechanism: erythrocytes attract (catch) bacteria by electric charge 
and kill by oxidation. Effective oxygen transport to distant tissues 
requires high speed of blood before capillaries and elastic deformation 
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of erythrocytes in the capillaries with friction against their wall for 
maximal release of oxygen. As a result, erythrocytes become strongly 
charged and attract and fix by the charge bacteria on their surface. 
Effective oxygen transport also needs binding and delivery of 
maximal amount of oxygen by every red blood cell. So erythrocytes 
do not contain organelles and are full of hemoglobin that binds 
enough oxygen for intensive oxidation of bacteria. The bactericidal 
function of erythrocytes is determined by their main physiological 
function: oxygen supply and CO2 removal. So bacteria killing may 
be interpreted as a “side-effect” of erythrocyte oxygen transportation.
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