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The present study was conducted to compare the total white blood cells count,
granulocytes and phagocytic activity in female rats immunized with lipopolysaccharide
(LPS) extracted from two different isolates of Escherichia coli, one normal isolate from
the gut of healthy adult and the other was pathogenic strain isolated from patients
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suffering from urinary tract infection. The study was included 35 female albino rats
divided randomly into seven groups, three groups injected with different concentrations of
LPS of normal flora of E.coli 90, 120 and 150 microgram/kilogram body weight

Leukocyte

Granulocyte respectively and the other three groups were injected with the same concentrations of LPS

Phagocytic activity extracted from pathogenic strain of E.coli, the last group (7"") represented the control
- group which given normal saline only. The results showed that the LPS from normal
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AT. Koro isolate causes a significant increase in the total number of leukocytes, granulocytes and

phagocytic activity in animals immunized with the concentration of 120 pg/kg compared
with the control group, and the concentration of 150 pg/kg of the same extract resulted in
a high significant increase in phagocytic activity and the concentration of 90 pg/kg did not
stimulate any significant differences in all the variables, while immunization with the
extract of pathogenic strain increases the total leukocytes at a concentration of 90 pg/kg
only with a significant increases in phagocytic activity at all concentration, and it also did
not cause any significant differences in the granulocytes count.
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encircles the cell from its surrounding environment, the OM
was regarded as the first line of defense against external
threats and composed of a highly asymmetric bilayer that
contains  phospholipids in the inner leaflet and

Introduction

Human and animal gut represented a good niche for
a large numbers of bacteria, viruses and fungi, which may

be present as a commensals named as gut microbiota (1).
E.coli belongs to the family of Enterobacteriaceae, it
normally inhibits the intestine, many pathogenic strains of it
may cause different diseases as infantile diarrhea, urinary
tract infection as 90% of this disease was caused by E.coli,
especially in female and this strain causing (UTI) and
called Uropathogenic E.coli, in addition to other infections
like burn and wound infections and others (2). Gram-
negative bacteria are characterized by an external envelope
contains two different membranes: an inner membrane (1M)
internal components, and an outer membrane (OM) that
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lipopolysaccharide (LPS) molecules in the outer leaflet (3).
Lipopolysaccharide is a pyrogen and may have an immune
stimulatory activity and is a glycolipid composed of three
distinct  structural domains: lipid A, the core
oligosaccharide part, and the O-antigen, Lipid A moiety
considered as a hydrophobic part of the molecule and is an
acylated B-1‘-6-linked glucosamine disaccharide that forms
the outer leaflet of the OM and responsible for the toxic
activity of the bacteria (endotoxin) and triggers
physiological immunostimulatory activity in mammals and
at higher doses can also lead to pathological reactions, The
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core oligosaccharide part of OM is a non-repeating
oligosaccharide that is linked to the glucosamine of lipid A
moiety, This part of LPS was responsible for the
immunogenic properties, The O antigen is highly variables
an extended polysaccharide that is attached to the core
oligosaccharide part. It is composed of a repeating
oligosaccharide made of 2-8 sugars (4). After liberation of
LPS from Gram negative bacteria cell wall it associates
with a glycoproteins present in serum called lipid binding
protein (LBP), which can transport the LPS to the surface
of antigen presenting cells and then a series of intracellular
signals begins through the specific receptor for LPS named
as toll like receptor 4 through a pathway called (toll like
receptor pathway), increased amounts of lipopolysaccharide
in serum may cause vessels destruction and may lead to
death through septic shock (5). Leukocytes were considered
as a part of the immune system that participate in both
innate and adaptive immunity, they circulate in the blood
stream and heighten inflammatory and cellular immune
response against injury and different pathogens.
Neutrophils are multinucleated effector cells that form the
first line of defense against invading pathogens. They fight
infections through a variety of mechanisms, including
chemotaxis, phagocytosis, the release of reactive oxygen
species (ROS), and the release of a wide range of cytokines
(6).

The aim of present was to compare the some immune
parameters included Total leukocytes, granulocytes and
phagocytic activity in female rats immunized with LPS of
two different strain of E.coli.

Materials and methods

Biofilm formation assay

To confirm the pathogenicity of E.coli, the isolates were
tested for their activity to grow in a biofilm (7), briefly in
this method, brain heart infusion broth (BHIB) containing
tubes were inoculated with the isolated bacteria, incubated
at 37°C for 24h, then the content of the tubes was poured
and drops of crystal violet was added to the tubes with
gentle rotation, left for two minutes, then the tubes placed
upside down on a filter paper after rinsing with distilled
water to remove excess stain.

Hemolytic assay

Hemolytic activity of E.coli were tested by cultivation
of bacteria on blood agar plates then incubated at 37°C for
24h, a clear zone around the colonies, indicating a positive
result (8).

Selection of isolates for LPS extraction

Stool isolate lacking the ability for biofilm formation
and hemolytic activity on blood agar were selected for LPS
isolation as a Normal Flora, while urine isolate with the
highest biofilm formation activity and hemolytic activity
were selected for LPS extraction as a pathogenic isolate.
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Extraction protocol of lipopolysaccharide

In brief, 250 ml of the 24h bacterial growth in brain
heart infusion broth (BHIB) were centrifuged at 6000 rpm
for 20 minutes, the sediment washed with phosphate
buffered saline ( PBS) twice then subjected to 15 ml of lysis
buffer containing Tris HCI, MgCl,, SDS and -
mercaptoethanol, then placed in water bath at 65°C for 1
hour to solubilize the sediment, then, 1 ml of (proteinase K)
was added to the preparation to remove contaminants
proteins, preparation was incubated at 37°C for 24h, then
LPS was precipitated at -20° C using 3M sodium acetate
and cold absolute ethanol, after final centrifugation, the
pellet was re-suspended in 9 ml of 10 mM Tris-HCI
followed by extraction using hot phenol, where 9 ml of
phenol at 65°C was added and mixed vigorously and then
was immediately placed in an ice bath, preparation was
centrifuged at 6000 rpm for 15 min and the top aqueous
layer was taken, and the extraction was repeated again, then
the aqueous layers of both extract were subjected to dialysis
for 48h against distilled water, and the LPS was lyophilized
and stored at -20°C until use (9).

Experimental animals

Thirty-five Swiss adult female rats of 8-9 weeks age and
weights between 145-170 grams were obtained from the
Animals House, College of Veterinary Medicine,
University of Mosul were kept under standard laboratory
condition (10,11), they were given standard locally
prepared diets (12) and were placed in cages and were
acclimatized for a week (13,14).

Experimental design

Thirty five female albino rats were used, they were
divided into 7 groups (5 rats each), six groups were the
experimental groups and the last was the control group, the
first 3 groups were injected intraperitoneally with three
different concentrations of LPS extracted from the
pathogenic strain, while the second three groups were
injected intraperitoneally with the same concentrations of
LPS extracted from the Normal floral isolate, the last 7t
group was left as a control and was given Normal saline, all
concentrations were injected with 3 repeated doses 48h
between them, after 7 days of immunization with LPS, the
blood was collected using retro orbital blood collection
technique and placed in EDTA tubes.

Tests

Leukocyte and granulocytes count were done using
automated blood analyzer (celltac a japan) and phagocytic
activity (15), in brief, 0.1 ml of candida spores suspension
was mixed with 0.1 ml of whole blood followed by gentle
mixing, incubated at 37°C for 30 min, then blood smears
were prepared and stained with giemsa stain. The
phagocytic  activity of neutrophil was examined
microscopically and calculated by (the number of
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neutrophils with the engulfed candida/ total number of extracted from Normal flora E.coli induced highest
neutrophils)*100. significant increase in total leukocytes only at concentration
120ug/kg body weight 20x103/mm?3+0.53 compared with
Statistical analysis control group and animal group immunized with the same
The data was summarized, analyzed, and presented concentration of LPS extracted from uropathogenic strain
using the Statistical analysis for Social Science version 23 16.33%0.77x10%/mm?®, the results also showed a significant
software program and the difference in mean of quantitative increase in granulocytes in animal groups immunized with
variables between groups was investigated using a one-way both 120 and 150 pg/kg body weight of LPS of Normal
ANOVA, which was accompanied by a post hoc Duncan isolate 15.50+2.79, 13.1+2.42 x10%/mm? compared with the
multiple range test. control group 7.47+1.81x10%mm?3 and the animals groups
immunized with the same concentrations of LPS extracted
Results from uropathogenic strain 7.73+1.76, 9.63+1.57x103/mm?.
Table 2 showed the comparative effect of LPS of both
Table 1 showed the results of the immunogenic effect of strain on phagocytic activity of female rats, the results
intraperitoneal injection of three concentrations 90, 120 and showed that LPS extracted from normal floral isolate
150 pg/kg body weight of LPS extracted from normal flora induced a highest significant increase in phagocytic activity
and uropathogenic E.coli on total leukocyte counts and after immunization with concentration of 120 and 150ug/kg
granulocytes 10%/ul, the results showed that there were a body weight 92.67%+0.88 and 90.67%=0.67 respectively
significant differences between groups immunized with compared with control group 70%=zx1.15 and groups
LPS extracted from Normal flora E.coli and groups immunized with the same concentration of LPS of
immunized with LPS extracted from uropathogenic isolate. uropathogenic isolate 86%=1.15 and 80.67%z0.67 for both
At concentration 90ug/kg body weight, the animals group concentrations respectively.
immunized with LPS of uropathogenic isolate showed In contrast, LPS of uropathogenic isolate induced
highest  significant increase in total leukocytes highest significant increase in phagocytic activity after
24.93x10%/mm3+0.72 compared with the control group immunization with the concentration 90ug/kg body weight
16.07x10%mm?3+1.28 and animals group immunized with 92%=+1.86 compared with control group and animals group
the same concentration of LPS extracted from Normal immunize with the same concentration of LPS of normal
isolate flora 17.17x10%mm+1.57. in contrast, LPS isolate 72.33%z=0.88.

Table 1: Total Number of leukocytes and granulocytes counts in animal's groups injected with LPS of Normal flora and
uropathogenic E.coli compared with control

Total WBC (103/mm®)+SEM Granulocytes (103/mm?®)+SEM
Normal flora Uropathogenic Normal flora Uropathogenic
90ug/kg 17.17+1.57%® 24.93+0.72¢ 5.43+2.712 8.07+0.52%
120ug/kg 20+0.53° 16.33+0.772 15.50+2.79¢ 7.73+1.76®
150pg/kg 15.43+0.722 15.83+0.812 13.1+2.42 9.63+1.57%¢
Control 16.07+1.282 7.47+1.81%®
Letters are used to express comparison; dissimilar letters indicate a significant difference.
Table 2: Percentage of phagocytic activity in animal's Discussion
groups injected with LPS of normal flora and
uropathogenic E.coli Our results, showed that LPS of normal isolate at most
concentrations leads to increase in number of granulocytes
Phagocytic activity%+SEM and this results was in agreement with a study Faas et al.
Normal flora Uropathogenic (16) who showed that LPS of wild type E.coli induced an
90pg/kg 72.33%+0.882 02%+1.86¢ increase in neutrophil and total leukocytes. The LPS of
120ug/kg 92.67%=+0.88¢ 86%=+1.15¢ pathogenic strain of E.coli induced a decrease in the
150ug/Kg 90.67%+0.674 80.67%+0.67° numbers of neutrophils after 24h of immunization with no
Control 70%-+1.152 significant differences in total leukocytes and lymphocytes
Letters are used to express comparison; dissimilar letters (17), while the single high dose of LPS of pathogenic strain
indicate a significant difference. induced leukopenia (18).

The differences in total WBCs, granulocytes and
phagocytic activity in our study may be due to the structural
differences in lipid A structure of LPS in normal flora and
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pathogenic E.coli. Lipid A, a portion of pathogenic and
commensal outer membrane structure, is recognized by
Toll-like receptor 4 (TLR4), when an animals or subject
exposed to LPS, TLR4 recruits sequentially two signaling
adaptors, MyD88 and TRIF which in turn induce a complex
network of proteins that mediate TLR signaling and
ultimately activate transcription of several genes to induce
broad range of pro-inflammatory mediators, the relationship
between immune response and LPS structure was correlated
with the numbers of fatty acyl chains in endotoxin LPS.
The structure of lipid A (hexa-acylated 1, 4'-bisphosphate)
in LPS varies slightly between bacteria species (19).

The differences in acylation of lipid A in different
strains of E.coli induce different effects on the outer
membrane permeability and innate immune response
system recognition by human and murine TLR4/MD?2,
lipopolysaccharide, the higher acylation is more stimulatory
than LPS with less amount of acyl chain, the
lipopolysaccharide with few acyl chains was less
stimulators in human compared with murine TLR4/MD2
(20), and the phagocytosis of strains lacking the core region
or the myristoyl chain (i.e. pentaacylated lipid A instead of
the wild form hexaacylated type) is reduced (21).

In the present study, the animals groups immunized
with relatively high concentrations of LPS extracted from
Normal strain of E.coli induced more phagocytic activity
compared to those immunized with LPS of pathogenic
isolate, this result was highly related to the increase in the
number of granulocytes in this group. Another study
showed that LPS of E.coli induced increase in phagocytic
activity of macrophage (22). LPS of Normal flora induce an
increased production of interleukin-8 from the monocyte
that induced by LPS of the pathogenic type, which may
result from the minor differences in LPS structure which
affect the signaling process (23). Interleukin-8 was
regarded as a chemokine activating neutrophils after
secretion by LPS-stimulated monocyte, this cytokine plays
a crucial function in sepsis pathophysiology through their
activation of neutrophil and migration to the site of
infection and it was considered also as a good chemokine
for neutrophils and triggers phagocytosis (24). While the
modulation endotoxin structure as O-antigen and the
decrease in the numbers of fatty acyl chains in lipid A
moiety may be regarded as a cause to avoid the immune
response including phagocytosis (25).

Conclusion

It was concluded from this study that the LPS extracted
from a pathogenic isolate and another from a natural isolate
stimulated different immune responses and LPS of natural
isolate was a strong inducer of the phagocytic activity of
macrophages

288

Acknowledgement

The authors express their great gratitude to the College
of Veterinary Medicine, University of Mosul and in
particular Mr. Nazem for his capabilities that contributed to
the completion of the practical part of our research.

Conflict of interest

There are no competing interests regarding publishing
or funding this articles.

References

1. Yuan L, Hensley C, Mahsoub HM, Ramesh AK, Zhou P. Microbiota
in viral infection and disease in humans and farm animals. Prog Mol
Biol Transl Sci. 2020;171:15-60.DOI: 10.1016/bs.pmbts.2020.04.005

2. Lara FB, Nery DR, de Oliveira PM, Araujo ML, Carvalho FR,
Messias-Silva LC, Ferreira LB, Faria-Junior C, Pereira AL. Virulence
markers and phylogenetic analysis of Escherichia coli Strains with
hybrid EAEC/UPEC genotypes recovered from sporadic cases of
extraintestinal infections. Front ~ Microbiol. ~ 2017;8:146.DOl:
10.3389/fmich.2017.00146

3. Bertani B, Ruiz N. Function and biogenesis of lipopolysaccharides.
EcoSal Plus. 2018;8(1):10-11. DOI: 10.1128/ecosalplus.esp-0001-
2018

4. Mazgaeen L, Gurung P. Recent advances in lipopolysaccharide
recognition systems. Int J Mol Sci. 2020;21(2):379. DOIl:
10.3390/ijms21020379

5. Shareef AY, Ismail MG. The effect of Lipopolysaccharide extracted
from Pseudomonas aeruginosa on total and differential WBC and on
phagocytic activity. J Sci Stud. 2017;12(2):377-390. [available at]

6. Kameritsch P, Renkawitz J. Principles of leukocyte migration
strategies. Trends Cell Biol. 2020;30(10):818-832. DOI:
10.1016/j.tch.2020.06.007

7. Christensen GD, Simpson WA, Bisno AL, Beachey EH. Adherence of
slime-producing strains of Staphylococcus epidermidis to smooth
surfaces. Infect Immun. 1982;37(1):318-326. DOI:
10.1128/iai.37.1.318-326.1982

8. Koronakis V, Cross M, Senior B, Koronakis E, Hughes C. The
secreted hemolysins of Proteus mirabilis, Proteus vulgaris, and
Morganella morganii are genetically related to each other and to the
alpha-hemolysin of Escherichia coli. J Bacteriol. 1987;169(4):1509-
1515. DOI: 10.1128/jb.169.4.1509-1515.1987

9. Rezania S, Amirmozaffari N, Tabarraei B, Jeddi-Tehrani M, Zarei O,

Alizadeh R, Masjedian F, Zarnani AH. Extraction, Purification and

Characterization of Lipopolysaccharide from Escherichia coli and

Salmonella typhi. Avicenna J Med Biotechnol. 2011;3(1):3-9.

[available at

Mustafa KA, Al-Baggou BK. Toxicological and neurobehavioral

effects of chlorpyrifos and deltamethrin insecticides in mice. Iraqi J

Vet Sci. 2020;34(1):189-196. DOI: 10.33899/ijvs.2019.125738.1144

Ismail HK, Al-Sabawy RA, Jumaa HJ. Protective effect of placental

mesenchymal stem cells on histological changes of pancreas

experimentally induced by alloxane in mice. lragi J Vet Sci.
2020;34(1):1-8. DOI: 10.33899/ijvs.2020.163563

Ismail HK. Histopathological alterations of male and female

reproductive systems induced by alloxan in rats. Iragi J Vet Sci.

2020;35(2):223-226. DOI: 10.33899/ijvs.2020.126626.1351

Jameel AH, Mohammed MJ, Mahdi MS, Thalj KM. Physiological

effects of lactic acid bacteria against melamine induced toxicity in

female albino rats. Iragi J Vet Sci. 2021;35(1):1-7. DOI:
10.33899/ijvs.2020.126183.1259

10.

11.

12.

13.



https://doi.org/10.1016/bs.pmbts.2020.04.005
https://doi.org/10.3389/fmicb.2017.00146
https://doi.org/10.1128/ecosalplus.esp-0001-2018
https://doi.org/10.1128/ecosalplus.esp-0001-2018
https://doi.org/10.3390/ijms21020379
https://www.iraqjournals.com/article_131416_0.html
https://doi.org/10.1016/j.tcb.2020.06.007
https://doi.org/10.1128/iai.37.1.318-326.1982
https://doi.org/10.1128/jb.169.4.1509-1515.1987
https://pubmed.ncbi.nlm.nih.gov/23407691/
http://dx.doi.org/10.33899/ijvs.2019.125738.1144
http://dx.doi.org/10.33899/ijvs.2020.163563
http://dx.doi.org/10.33899/ijvs.2020.126626.1351
http://dx.doi.org/10.33899/ijvs.2020.126183.1259

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Iragi Journal of Veterinary Sciences, Vol. 36, No. 2, 2022 (285-289)

Al-Allaf LI, Al-Ashoo HA. A histological study on the effect of
imatinib on the rats' testis after early postnatal exposure. Iragi J Vet
Sci. 2021;35(1):85-92. DOI: 10.33899/ijvs.2020.126342.1303

Vonk AG, Wieland CW, Netea MG, Kullberg BJ. Phagocytosis and
intracellular killing of Candida albicans blastoconidia by neutrophils
and macrophages: A comparison of different microbiological test
systems. J Microbiol Methods.  2002;49(1):55-62. DOI:
10.1016/s0167-7012(01)00348-7

Faas MM, Moes H, van der Schaaf G, de Leij LF, Heineman MJ.
Total white blood cell counts and LPS-induced TNF alpha production
by monocytes of pregnant, pseudopregnant and cyclic rats. J Reprod
Immunol. 2003;59(1):39-52. DOI: 10.1016/s0165-0378(03)00037-8
Copeland S, Warren HS, Lowry SF, Calvano SE, Remick D.
Inflammation and the host response to injury investigators: Acute
inflammatory response to endotoxin in mice and humans. Clin Diagn
Lab Immunol. 2005;12(1):60-67. DOI: 10.1128/cdli.12.1.60-67.2005
Brooks MB, Turk JR, Guerrero A, Narayanan PK, Nolan JP,
Besteman EG, Wilson DW, Thomas RA, Fishman CE, Thompson KL,
Ellinger-Ziegelbauer H, Pierson JB, Paulman A, Chiang AY, Schultze
AE. Non-lethal endotoxin injection. A rat model of
hypercoagulability. PLoS One. 2017;12(1):e0169976. DOI:
10.1371/journal.pone.0169976

Lee FF, Davidson K, Harris C, McClendon J, Janssen WJ, Alper S.
NF-kB mediates lipopolysaccharide-induced alternative pre-mRNA
splicing of MyD88 in mouse macrophages. J Biol Chem.
2020;295(18):6236-6248. DOI: 10.1074/jbc.ra119.011495

Li Y, Wang Z, Chen J, Emst RK, Wang X. Influence of lipid A
acylation pattern on membrane permeability and innate immune

stimulation. Mar Drugs. 2013;11(9):3197-3208. DOl:
10.3390/md11093197

Gyorfy Z, Duda E, Vizler C. Interactions between LPS moieties and
macrophage  pattern  recognition  receptors. Vet Immunol
Immunopathol. 2013;152(1-2):28-36. DOl:

10.1016/j.vetimm.2012.09.020

Anand RJ, Kohler JW, Cavallo JA, Li J, Dubowski T, Hackam DJ.
Toll-like receptor 4 plays a role in macrophage phagocytosis during
peritoneal sepsis. J Pediatr Surg. 2007;42(6):927-933. DOI:
10.1016/j.jpedsurg.2007.01.023

Bainbridge BW, Coats SR, Pham TT, Reife RA, Darveau RP.
Expression of a  Porphyromonas gingivalis lipid A
palmitylacyltransferase in Escherichia coli yields a chimeric lipid A
with altered ability to stimulate interleukin-8 secretion. Cell
Microbiol. 2006;8(1):120-129. DOl: 10.1111/j.1462-
5822.2005.00605.x

Yuen KC, Liu LF, Gupta V. High systemic and tumor-associated IL-8
correlates with reduced clinical benefit of PD-L1 blockade. Nat Med.
2020;26(5):693-698. DOI: 10.1038/s41591-020-0860-1

Yamamoto T, Nakane T, Doi S, Osaki T. Lipopolysaccharide signal
transduction in oral keratinocytes--involvement of CD59 but not
CD14. Cell Signal. 2003;15 (9):861-869. DOI: 10.1016/s0898-
6568(03)00054-8

289

LS Ca paliiaal) Al cil Sl aaia il
adll il S S sl e Aglghl A pay)
Gl 8 dpanll) Alladll g Ayl LAY cplianl)

Ol

iy i g3 Al 9 9098 94l e

) e sl cdom sl el slell A8 il o sle and
dadal)

celianll aall iy &1 K Saadll &5 jlad dulall 38 oy ol

aawiay dxieall 3all G 5 dseald) Alladl)y dppall LAY
LS e ofilite Gilde e paldiuall Jaall o Sl
slaal o Agime 2l Lmpl Ll dndEl 48,58y
e Ugime dpia e A s AV elaal) gl Lalaill
Auloall calaidl A gl Slllsall Qledll e G silay (Al oaia yall
o ) Uil e Crand coliapll 3 al) Gl e YO aladial e
il il Sl damia (e Adline 30 5 Lgie O a3 ¢ aalae
You Ve v Angdll A8 8y Ll Lapdall Al
Gy sl e aall 00 e ple LS/l 2 5 S
daie aldiae (e 38 ety 5 AY OO e gandl
A8 EY1 L S A el AL (e paliisall aall ol Sl
Qﬁ;,;,m\acwgm(@u\)sp‘y\asw\ i ol gall
saxie Galiiie of @il @ jelal i aludll aldl Jolaall
& gt Bl cuad dal sl Aaplall A el Jaall &l Sl

Faa Ll Aladll 5 pall LAY 5 L) aall LS IS alaal

FER plot /a2 5 Kaa VY 3 5 Aaieddl Sl gl 8

G pl B S Jal st 5 S Vo r S S ol LS 6l de penay

Lain cdganld) Adladll 8 dille 45 gina 30l ) () (al 413 (i)

4 gie AV QI3 (35 8 ) \)'sJLS/e\):;jJs.m‘l )ﬁ)ﬂ\}ug

‘;\ Mm).d\ QM\UMC.\.\AJ\ Lg.\\\.u.ucu\JM\

o S die elaull aall by < SH afaadl) ‘f ml_u

zie Ayaald) Adladll 3 4y gina 345 e L o) 2 LS / o) 2 5 e

LA axe (8 4 sine A (5l Cany Al 4l LS ¢ 38 511 maan
4.\.\.\.\;.“

ey


http://dx.doi.org/10.33899/ijvs.2020.126342.1303
https://doi.org/10.1016/s0167-7012(01)00348-7
https://doi.org/10.1016/s0165-0378(03)00037-8
https://doi.org/10.1128/cdli.12.1.60-67.2005
https://doi.org/10.1371/journal.pone.0169976
https://doi.org/10.1074/jbc.ra119.011495
https://doi.org/10.3390/md11093197
https://doi.org/10.1016/j.vetimm.2012.09.020
https://doi.org/10.1016/j.jpedsurg.2007.01.023
https://doi.org/10.1111/j.1462-5822.2005.00605.x
https://doi.org/10.1111/j.1462-5822.2005.00605.x
https://doi.org/10.1038/s41591-020-0860-1
https://doi.org/10.1016/s0898-6568(03)00054-8
https://doi.org/10.1016/s0898-6568(03)00054-8




