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Abstract:

In a multifaceted interaction with interleukins (ILs), Escherichia coli (E. coli) serves both
an inflammatory response initiator in the host and a transporter for therapeutically
delivering modified ILs. The majority of E. coli strains that cause illness produce
interleukins that promote inflammation, but naturally occurring or artificially created
strains of the bacteria can either cause inflammation to decrease or be utilized to administer
therapeutic interleukins. The serum concentrations of interleukin-12 (IL-12) and
interleukin-17 (IL-17) were measured in micrograms per milliliter for three different
infection types: implant, bacteria-implant (infections when implants are present), and
bacteria only (infections where implants are not present). At the same time, the serum
concentrations of IL-17 were reported as 23, 14, and 9 (pg/ml), respectively. Both the
sterile and infected implants had statistically significant p-values before Bonferroni
correction. There are notable distinctions between infections that occur with and without
implants. For CXCL-4, the analysis of serum chemokines CXCL-4 and CCL-5 (pg/ml)
revealed values of 25, 13, and 18 (pg/ml) in the Implant, Bacteria-implant, and Bacteria
only infection categories, respectively. Whereas CCL-5 was found to be (81, 67, and 49
(pg/ml)) in that order. Before Bonferroni correction, there was a statistically significant
difference between infected and sterile implants, as well as between infections that
occurred with and without implants. In order to investigate the host's inflammatory
responses systemically, including IFN-y and granulocyte colony-stimulating factor (G-
CSF), the multiplex test was expanded. Results for systemic analysis of IFN-y and
granulocyte colony-stimulating factor (G-CSF) in terms of pg/ml showed levels of 26, 14,
and 7 in the Implant, Bacteria-implant, and Bacteria only infection categories, respectively,
for IFN-y. The G-CSF levels were 53, 116, and 71 pg/ml, respectively.
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INTRODUCTION

Humans and other warm-blooded animals are colonized by Escherichia coli (E. coli) in their intestines. One of the
most significant pathogens for infections in animals, humans, and the environment is Escherichia coli, which causes
food poisoning, water contamination, and hospital infections [1]. Diarrhea, UTIs, bacteremia, meningitis, septicemia,
and pneumonia are just some of the clinical illnesses that E. coli can cause, and they can affect people of all ages.
Breastfeeding mothers are at increased risk of contracting mastitis, an infectious condition of the mammary gland that
has a significant impact on the dairy industry's bottom line. Several microbial infections, including Staphylococcus
aureus (S. aureus) and Escherichia coli (E. coli), can cause this inflammation within the mammary glands [2]. Mastitis
has been extensively investigated in cows, but due to high costs and management issues, testing cattle for the disease
has lost some of its appeal. So, instead of using humans, researchers are turning to mice models to learn about
intramammary infections [3]. Since then, researchers have applied this concept to a wide range of infections in an
effort to better understand these diseases. The development of new medications and vaccines for the management of
intramastitis infections is one of these topics, along with the pathophysiology and mode of action of the mastitis-
causing pathogen. The mouse model of mastitis has mostly been used to study Staphylococcus aureus infections that
occur within the mammary gland. On rare occasions, E. coli has been utilized as an environmental pathogen. Long
ago, it was shown that coliform mastitis in mice manifests itself clinically and in general terms, including bacterial
growth, PMN response, and histological alterations [4-6] in the infected mammary gland. In addition, the model has
been utilized to provide light on the pathogen's pathogenicity processes and bacterial adhesion [7, 8]. Lastly, E. coli
inoculation mice were also used to investigate control measures, such as antibiotic and immunomodulatory drug
administration. Important details on inflammatory mediators defining the host immune response are absent from the
few mouse studies that have dealt with E. coli mastitis [9-11]. The activation of the immune system in response to
infections causes the secretion of cytokines that promote inflammation and the recruitment of cells that cause
inflammation. The innate immune response is coordinated by IL-6, IL-B, and TNF-a, three molecules with significant
functions. TNF-a. is a type of pro-inflammatory cytokine mostly made by activated macrophages. It has the ability to
enhance the permeability of epithelial cells and up-regulate the expression of IL-6 and IL-1B, which together
accomplish the goal of eliminating intruders [2, 13]. In contrast, when an immunologic or inflammatory stimulus is
activated, iNOS is able to produce the majority of NO in the body to fight against infectious pathogens that invade.
Simultaneously, iNOS helps antigen-specific T cells and NK cells secrete TNF-a, IL-1p3, and IL-6 to prevent pathogen
invasion [14-17]. To better understand the dynamic changes that occur during an E. coli infection and to facilitate
future in-depth research, it is convenient to establish a model of mouse infection.

MATERIALS AND METHODS
Inoculation and bacterial strains

Throughout this experiment, the pathogenic E. coli that was isolated from a human patient was utilized. After being
incubated overnight at 37°C, bacterial strains were scattered onto trypticase soy agar from stock cultures at a
temperature of —80°C. When the optical density (OD600) reached 1.0, 3 ml of PBS was injected with a loopful of
culture. For a single intragastric injection of mice (n=10-13 mice per group), bacterial suspensions were diluted
twofold in PBS and 0.2 ml (1x10-8 CFU) was administered orally. The inoculum was confirmed by plating diluted
bacterial colonies on MacConkey agar.

Animals

The ASF-defined microbiota is present in male and female mice between the ages of 12 and 15 weeks. A sterile
cabinet was used for all inoculation and handling processes. The mice were subjected to a 12-hour light-dark cycle
while being given an irradiated meal and water that had been autoclaved. The animals' weights were measured once a
week, and they were checked for diarrhea and behavioral changes every day. The experiment concluded with the
intake of carbon dioxide to put an end to the mice.

Mouse model of infections and subcutaneous implants
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The female mice used in the study were bred at Central Animal Facility and were 8-1.2 weeks old. They were fed and
watered regularly and housed in individual cages with good ventilation. There were three distinct species utilized.
Intraperitoneal injections of xylazine (10 mg/kg) and ketamine (4 mg/kg) put the animals to sleep. The insertion sites
were cleaned using a 70/ethanol solution after the fur was removed using a hair trimmer. We used tissue forceps and
surgical shears to make three incisions, each 1 cm in diameter. On these incisions, subcutaneous pouches were created.
In order to close the incisions, simple interrupted sutures were used. Regardless of whether implantation was done or
not, 5 _L of bacterial suspension was inoculated within 30 minutes of the surgical site being closed. Animals were
routinely monitored after blood samples were taken three weeks following implantation.

Cytokine Quantification in Blood

Three weeks following implantation, the mice were given a strong anesthetic and blood samples were taken from their
hearts without the use of coagulant. Before being centrifuged at 1500 g for 10 minutes at 4 o C, blood samples were
incubated at room temperature by keeping them motionless and letting them incubate for 30 minutes. The serum was
centrifuged to separate it and then kept at approximately 80 degrees Celsius until it was ready for further processing.
The serum cytokine concentrations were measured with the help of the Bio-Plex Pro Mouse Cytokine Assay.

Evaluation using statistical methods

We used GraphPad Prism version 6 to analyze all the data. A number of variables were compared, including the
degree of colonization in fecal and intestinal samples, the amount of cytokines released from colonic biopsies, the
mean body weight changes, the inflammation in the intestines of ASF mice, and the success of the experiment overall.
Histopathology scores were compared using the Kruskal-Wallis test, and the fraction of tissues positive for lesions
was compared using Fisher's exact test (two-tailed). Significant results were defined as p-values<0.05.

RESULTS AND DISCUSSION

An important part of the body's defense mechanism against various microbes is the immune system. Even non-self
cells can be identified by it. The article also discussed innate immunity and specialized immunity. To prevent the
infiltration of harmful substances, the immune system employs a network of interrelated processes [18]. Innate and
acquired immunity work together to combat infections. The immune system primarily consists of immunoglobulins,
helper T-cells, polymorphonuclear, cytotoxic T-cells, and dendritic cells. When bacteria infect a cell, the antigen on
MHC class Il stimulates CD4 T cells, while the antigen on MHC class | stimulates CD8 T cells. After CD4 cells are
activated, they produce more IFN-gamma, which in turn stimulate macrophages. Macrophages then secrete more
nitrous oxide, which kills germs. As an added bonus, CD8 cells are highly effective at protecting against infections
through cytotoxicity, namely the killing of infected macrophages. Many bacterial infections that occur within cells
also rely on CD8 T cells. In the early stages of an Escherichia coli infection, CD8 cells emerged, although CD4 cells
did not manifest until much later [19-23]. Interleukin-12 and interleukin-17 serum concentration expression (pg/ml)
There were [571, 335, and 254 (pg/ml)] serum concentrations of IL-12 for implant, bacteria-implant, and bacteria-only
infections, respectively. There was a simultaneous measurement of IL-17 serum concentrations of 23, 14, and 9 pg/ml,
respectively. Both the sterile and infected implants had statistically significant p-values before Bonferroni correction.
There are notable distinctions between infections that occur with and without implants. The levels of CXCL-4 and
CCL-5 in serum were found to be 25, 13, and 18 pg/ml, respectively, in three different infection types: implant,
bacteria-implant, and bacteria only. In contrast, CCL-5 was found to be [81, 67, and 49 (pg/ml)] in various samples.
Both the sterile and infected implants had statistically significant p-values before Bonferroni correction. There are
notable distinctions between infections that occur with and without implants. In order to investigate the host's
inflammatory responses systemically, including IFN-y and granulocyte colony-stimulating factor (G-CSF), the
multiplex test was expanded. In the Implant group, there were 26 pg/ml of IFN-y and 14 pg/ml of granulocyte colony-
stimulating factor (G-CSF) in systemic analysis. In the Bacteria-implant group, there were infections with implants,
and in the Bacteria only group, there were infections without implants. However, for G-CSF, the values were 53, 116,
and 71 (pg/ml) independently.
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Figure 1. Inflammatory cytokine IL-12 upon infections with periodontal pathogens
Escherichia coli specific induction
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Figure 3. Escherichia coli-Specific Induction of Chemokines CXCL.-4
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Innate immune recognition is well-known to cause inflammatory phagocytosis of harmful microbes and non-
inflammatory phagocytosis of apoptotic. One way to measure the body's immune response is by looking at the levels
of inflammatory factors in mice. One effective cell pro-inflammatory factor among them is IL-1f3. The immune
system's response to an infection or injury can help the body fight the infection or injury, but it can also make chronic
conditions worse and cause more harm to wounded tissues. [24-27] By referring to the value generated by IL-1,
clinicians can determine which treatments to target, for example, by blocking the production of caspase-1 to prevent
the release of IL-1pB, so reducing harm to the body. The primary function of IL-6 is to regulate homeostasis inside
living organisms. By stimulating the immune response, IL-6 aids the host in resisting emergency stress when
homeostasis is disrupted by infection or tissue damage [28-31]. However, the body will create a harmful reaction
when acute systemic inflammatory response syndrome and chronic immune-mediated disorders manifest, due to the
excessive and persistent synthesis of 1L-6. Some recent research has pointed to IL-6 as a potential marker for the early
detection of sepsis. One cytokine that promotes inflammation is TNF-a. In healthy individuals, it was typically
undetectable. Nevertheless, when there is infection or inflammation, the levels of tumor necrosis factor-a (TNF-a) in
the blood and tissues will rise, leading to inflammation. This inflammation can eliminate irritants and speed up the
healing process of tissues, but it can also damage tissues and, in extreme circumstances, cause organ failure and death.
Furthermore, iNOS concentration is somewhat indicative of the body's oxidative stress level in response to stimulating
stimuli. The majority of bacterial infections manifest with inflammatory infiltration of organs, which is typically
detected through blood tests and tissue biopsies used to diagnosis clinical bacterial infections. While some studies
have found a statistically significant difference between individuals with and without bacterial infections, others have
shown that interleukin (IL)-9, IL-12, and IL-13 are better indicators of sepsis in bacterial infections. Prominent
indicators of inflammatory reactions linked to implants include elevated levels of inflammatory cytokines, such as [IL-
9, IL-12, and IL-13]. The implants themselves, bacterial communication, and other infections are among the many
potential causes of this dysregulation of inflammatory cytokine expressions. Further study using mice models
including infected implants put in the bones of the mouth is needed, according to the results of this subcutaneous
model, regarding the use of inflammatory cytokines [32, 33].

There is a rich diversity of microbes in the mammalian gastrointestinal (GI) tract, which can prevent disease
colonization. In humans, Escherichia coli is a lifelong resident of the typical gut microbiota and one of the first
members to colonize babies. Certain strains of E. coli can cause sickness, however there are other non-pathogenic
bacteria that provide benefits to the host, like vitamin K and B 12 (Blount, 2015). Humans can contract
enterohemorrhagic E. coli (EHEC) if they have moderate to severe bloody diarrhea, which can lead to hemolytic
uremic syndrome. The EHEC strain carries the Shiga toxin and LEE genes, which include the type Il secretion
system and intimin, a key adhesion factor. The serotype of E. hepatitis C virus most commonly infected humans in the
United States is O157:H7. Direct contact with infected ruminants or consumption of feces-contaminated food or water
are the most common ways for people to contract 0157 EHEC, which mostly lives in ruminants like cattle [34-38].
Following ingestion, EHEC invades the colonic epithelial cells and transports inflammatory stimulators and
suppressors, such as endotoxin, flagellin, and Shiga toxin. Within a week or two of ingesting 0157 EHEC, the
colonization process begins and symptoms of the disease manifest. Severe illness is more common in children less
than 5 years old after contracting EHEC. Some research have found that 0157 EHEC shedding in children can extend
for more than 100 days, but the majority of investigations have found a mean duration of 1 month. Even while adults
can get sick from EHEC, some people, such those who work on cattle farms or in processing plants, have reported
being asymptomatic after colonizing with the virus. The establishment of intestinal colonization is a challenge in
animal models used to research E. coli. There is a high demand for veterinary care, human resources, and financial
resources when using large animal models like pigs, monkeys, baboons, and greyhounds. Because of their small size,
short generation period, and well-characterized genetics, mice are an appealing model organism. However, it is not
uncommon for adult CONV mice to have a built-in resistance to E. coli colonization [39]. The use of streptomycin to
inhibit facultative anaerobic bacteria has enabled streptomycin-resistant Escherichia coli to colonize, thus
circumventing resistance. Streptomycin-treated mice have a diverse microbiota and need the creation of mutant strains
of E. coli that are resistant to streptomycin. This process can influence the expression of virulence factors that bacteria
express. When studying E. coli colonization, several researchers have utilized germ-free mice models. However, these
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animals do not have a microbiota, so their immune systems are not fully matured, and their intestinal architecture is
different [40, 41].

It is believed that invading E. coli strains are inhibited in their proliferation by the facultative anaerobes found in
CONV mice. In order to overcome the colonization resistance in mice, E. coli is often treated with streptomycin to
decrease facultative anaerobes. Although the precise process by which streptomycin reduces colonization resistance
remains unknown, it has been proposed that streptomycin-induced inflammation and the removal of microbe-microbe
contacts contribute to the proliferation of E. coli through nitrate respiration. The use of spontaneous streptomycin-
resistant E. coli strains has certain limitations, one of which is the possibility that these strains exhibit reduced levels
of colonization factors, which could impact the interactions between hosts and pathogens. Also, the intestine becomes
more sensitive after a single course of streptomycin therapy, which causes a small rise in histological alterations.
Although germ-free mouse models have been utilized in the past (Goswami et al., 2015; Taguchi et al., 2002), these
animals do not possess fully developed mucosal immune systems and cannot be used to evaluate interactions between
microbes [42]. To evaluate inflammatory changes without introducing a confounding antibiotic treatment, ASF mice
can be utilized as an alternative to germ-free and streptomycin-treated models. When fighting against infections,
inflammation in the gastrointestinal tract is essential. During an EHEC infection, bacterial components like endotoxin,
flagellin, and Shiga toxin can trigger an inflammatory response [43, 44].

In the colon supernatants of EHEC-inoculated mice, there were numerically higher quantities of common
proinflammatory indicators compared to uninfected mice, but no significant differences were observed. These markers
include IL-1B, IL-12, IFNy, and TNFa. Intestinal inflammation found in this system may be due to other reasons,
according to these studies. The levels of IL-12 in the supernatants of CONV mice injected with MG1655 were
considerably greater (P<0.05) than those in uninfected mice. Dendritic cells and macrophages initiate the production
of IL-12 when Toll-like receptors bind to microbial products. Furthermore, a method for evaluating mucosal
inflammation was employed, which involved injecting an imaging agent that becomes active when inflammation-
associated proteases such cathepsin B, K, L, and S are present. Here, MG1655-colonized ASF mice had lower levels
of mucosal inflammation in the cecum than 278F2-colonized mice. This finding is in line with gene expression data
that shows higher expression of chemokines, such as Ccl20, which could attract macrophages to the mucosa. While
EHEC was present in significant concentrations in both the cecum and the colon, prior research in mice has shown
that EHEC forms strong associations with the cecal epithelium rather than the colon. This could explain why the
cecum was the only area where a substantial variation was found. Although cathepsin B release could be demonstrated
in human monocytes infected with EHEC, it was not possible to do so in mice monocytes. This provides more
evidence that the mouse may secrete several cathepsins or that different cell types secrete cathepsin B during EHEC
infection. Therefore, there are hazards to human health during both the acute infection phase and the chronic effects of
inflammatory bowel disease. Effector proteins are released by EHEC to combat inflammation. In a manner dependent
on the type 11 secretion system, EHEC strains suppress NF-«kB activation. Before, it was discovered that a number of
effector proteins that are not LEEs could disrupt signaling pathways in the innate immune system. Therefore, EHEC
employs tactics to evade host cell recognition of microbial factors and activation of inflammatory pathways in order to
persist in the inflammatory gut, while the host cells attempt to eradicate the pathogen. E. coli-colonization mice
models have shown a spectrum of illness severity, from no change at all to death [45-47]. There were no fatalities in
the present investigation, and the histopathological findings included minor abnormalities such elongation of the
glands and increased inflammatory cells. Other mice models of EHEC infection have also shown colonoscopies, with
the germ-free model providing the most detailed description of these lesions. While prior research using EHEC mouse
models has shown weight loss, the present investigation found just a small initial drop for ASF mice infected with
MG1655 and 278F2 [48, 49]. Furthermore, aside from the seventh day after injection, both the ASF and CONV
groups of mice that received the 278F2 vaccine increased weight. Metabolic process modulation during chronic
colonization with 278F2 may explain the weight increase, according to changes in inflammatory-related genes (such
as adiponectin, leptin, and thrombopoietin) that are also involved with metabolism.
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CONCLUSION

Inflammation and oxidative stress can be induced by Escherichia coli in mice, leading to varying degrees of damage to
the kidney, spleen, and lung tissues. This finding lends theoretical credence to the idea that Escherichia coli infections
in humans can produce similar alterations. In inflammatory disorders and infectious disorders, harmful bacteria are
associated with elevated serum interleukin (IL) levels during systemic evaluation. As ILs, especially IL-12 and IL-17,
tend to be raised during bacterial infections, they could be used as biomarkers for sepsis and other illnesses. The
production of ILs triggers the immune response in response to the presence or abundance of certain bacteria. Using a
persistently inflamed mouse model of the implant site, this work comprehensively investigated inflammatory
cytokines [CXCL-4 and CCL-5] and growth factors after inoculating mice with four distinct periodontal infections. A
test tube experiment would not be able to adequately study the intricate interplay between bacteria and the tissues.
Inflammatory cytokine expression regulation was implant-dependent, infection-specific, and systemic. Systemic
treatment of inflammatory cytokines adds another layer of difficulty to interventions involving biomaterial -related
illnesses. Our results also lend credence to the idea that future research using animals to represent biomaterial -related
diseases should incorporate studies involving multiple species.

REFERENCES

1. Miriam Beer Torchinsky, Johan Garaude, J. Magarian Blander, Infection and apoptosis as a combined
inflammatory trigger, Curr. Opin. Immunol. 22 (1) (2010) 55-62.

2. G. Lopez-Castejon, D. Brough, Understanding the mechanism of IL-1p secretion Cytokine Growth Factor
Rev. 22 (4) (2011) 189-195.

3. C.A. Dinarello, Anti-inflammatory agents: present and future, Cell 140 (6) (2010) 935-950.

4. Bygd, H. C., Forsmark, K. D. and Bratlie, K. M. (2015). Altering in vivo macrophage responses with
modified polymer properties. Biomaterials 56, 187-197.

5. Ceponis, P. J. M., McKay, D. M., Ching, J. C. Y., Pereira, P. and Sherman, P. M. (2003). Enterchemorrhagic
Escherichia coli O157:H7 disrupts Statl-mediated gamma interferon signal transduction in epithelial cells.
Infect. Immun. 71, 1396-1404.

6. Chen, C., Blumentritt, C. A., Curtis, M. M., Sperandio, V., Torres, A. G. and Dudley, E. G. (2013).
Restrictive streptomycin resistance mutations decrease the formation of attaching and effacing lesions in
Escherichia coli O157:H7 strains. Antimicrob. Agents Chemother. 57, 4260-4266.

7. Cheng, Y.-L., Song, L.-Q., Huang, Y.-M., Xiong, Y.-W., Zhang, X.-A., Sun, H., Zhu, X.-P., Meng, G.-X., Xu,
J-G. and Ren, Z.-H. (2015). Effect of enterohaemorrhagic Escherichia coli 0O157:H7-specific
enterohaemolysin on interleukin-1B production differs between human and mouse macrophages due to the
different sensitivity of NLRP3 activation. Immunology 145, 258-267.

8. Brando, R. J. F., Miliwebsky, E., Bentancor, L., Deza, N., Baschkier, A., Ramos, M. V., Ferna ndez, G. C.,
Meiss, R., Rivas, M. and Palermo, M. S. (2008). Renal damage and death in weaned mice after oral infection
with Shiga toxin 2- producing Escherichia coli strains. Clin. Exp. Immunol. 153, 297-306.

9. S. Herold, M. Steinmueller, W. Wulffen, L. Cakarova, R. Pinto, S. Pleschka, et al., Lung epithelial apoptosis
in influenza virus pneumonia: the role of macrophageexpressed TNF-related apoptosis-inducing ligand, J.
Exp. Med. 205 (13) (2008) 3065-3077.

10. E. Ahmadzadeh, H. Zarkesh-Esfahani, R. Roghanian, F.N. Akbar, Comparison of Helicobacter pylori and
Escherichia coli in induction of TNF-alpha mRNA from human peripheral blood mononuclear cells, Indian J.
Med. Microbiol. 28 (2010) 233-237.

11. A. Kumar, K.P. Singh, P. Bali, S. Anwar, A. Kaul, O.P. Singh, et al., Inos polymorphism modulates iNOS/NO
expression via impaired antioxidant and ROS content in P. vivax and P. falciparum infection, Redox Biol. 15
(2018) 192-206.

12. N. Allocati, M. Masulli, M.F. Alexeyev, C. Di llio, Escherichia coli in Europe: an overview, Int. J. Environ.
Res. Publ. Health 10 (12) (2013) 6235-6254.

CCME 3 (12), 83-92 (2025) VISION PUBLISHER | 90



13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

B.T. Huynh, M. Padget, B. Garin, P. Herindrainy, E. Kermorvant-Duchemin, L. Watier, et al., Burden of
bacterial resistance among neonatal infections in low income countries: how convincing is the
epidemiological evidence? BMC Infect. Dis. 15 (2015) 127.

Cole, D., Griffin, P. M., Fullerton, K. E., Ayers, T., Smith, K., Ingram, L. A., Kissler, B. and Hoekstra, R. M.
(2014). Attributing sporadic and outbreak- associated infections to sources: blending epidemiological data.
Epidemiol. Infect. 142, 295-302.

Conlan, J. W. and Perry, M. B. (1998). Susceptibility of three strains of conventional adult mice to intestinal
colonization by an isolate of Escherichia coli 0157:H7. Can. J. Microbiol. 44, 800-805.

Conway, T. and Cohen, P. S. (2015). Commensal and pathogenic Escherichia coli metabolism in the gut.
Microbiol. Spectr. 3.

Croxen, M. A., Law, R. J., Scholz, R., Keeney, K. M., Wlodarska, M. and Finlay, B. B. (2013). Recent
advances in understanding enteric pathogenic Escherichia coli. Clin. Microbiol. Rev. 26, 822-880.

Ding, S., Blue, R. E., Morgan, D. R. and Lund, P. K. (2014). Comparison of multiple enzyme activatable
near-infrared fluorescent molecular probes for detection and quantification of inflammation in murine colitis
models. Inflamm. Bowel Dis. 20, 363-377.

Eaton, K. A., Friedman, D. I., Francis, G. J., Tyler, J. S., Young, V. B., Haeger, J., Abu-Ali, G. and Whittam,
T. S. (2008). Pathogenesis of renal disease due to enterohemorrhagic Escherichia coli in germ-free mice.
Infect. Immun. 76, 3054-3063.

Eaton, K. A., Fontaine, C., Friedman, D. I., Conti, N. and Alteri, C. J. (2017). Pathogenesis of colitis in germ-
free mice infected with EHEC O157:H7. Vet. Pathol. 54, 710-719.

Eggesbg, M., Moen, B., Peddada, S., Baird, D., Rugtveit, J., Midtvedt, T., Bushel, P. R., Sekelja, M. and
Rudi, K. (2011). Development of gut microbiota in infants not exposed to medical interventions. APMIS 119,
17-35.

Erdem, A. L., Avelino, F., Xicohtencatl-Cortes, J. and Giro n, J. A. (2007). Host protein binding and adhesive
properties of H6 and H7 flagella of attaching and effacing Escherichia coli. J. Bacteriol. 189, 7426-7435.
Feng, P., Lampel, K. A., Karch, H. and Whittam, T. S. (1998). Genotypic and phenotypic changes in the
emergence of Escherichia coli O157:H7. J. Infect. Dis. 177, 1750-1753.

Francis, D. H., Collins, J. E. and Duimstra, J. R. (1986). Infection of gnotobiotic pigs with an Escherichia coli
0157:H7 strain associated with an outbreak of hemorrhagic colitis. Infect. Immun. 51, 953-956.

Francis, D. H., Moxley, R. A. and Andraos, C. Y. (1989). Edema disease-like brain lesions in gnotobiotic
piglets infected with Escherichia coli serotype O157:H7. Infect. Immun. 57, 1339-1342.

Gao, X., Wan, F., Mateo, K., Callegari, E., Wang, D., Deng, W., Puente, J., Li, F., Chaussee, M. S., Finlay, B.
B. et al. (2009). Bacterial effector binding to ribosomal protein s3 subverts NF-kappaB function. PL0S
Pathog. 5, e1000708.

Gauger, E. J., Leatham, M. P., Mercado-Lubo, R., Laux, D. C., Conway, T. and Cohen, P. S. (2007). Role of
motility and the flhDC operon in Escherichia coli MG1655 colonization of the mouse intestine. Infect.
Immun. 75, 3315-3324.

Geuking, M. B., Cahenzli, J., Lawson, M. A. E., Ng, D. C. K,, Slack, E., Hapfelmeier, S., McCoy, K. D. and
Macpherson, A. J. (2011). Intestinal bacterial colonization induces mutualistic regulatory T cell responses.
Immunity 34, 794-806.

Goswami, K., Chen, C., Xiaoli, L., Eaton, K. A. and Dudley, E. G. (2015). Coculture of Escherichia coli
0157:H7 with a nonpathogenic E. coli strain increases toxin production and virulence in a germfree mouse
model. Infect. Immun. 83, 4185-4193.

Gould, L. H., Mody, R. K., Ong, K. L., Clogher, P., Cronquist, A. B., Garman, K. N., Lathrop, S., Medus, C.,
Spina, N. L., Webb, T. H. et al. (2013). Increased recognition of non-O157 Shiga toxin-producing Escherichia
coli infections in the United States during 2000-2010: epidemiologic features and comparison with E. coli
0157 infections. Foodborne Pathog. Dis. 10, 453-460.

Gradel, K. O., Nielsen, H. L., Schanheyder, H. C., Ejlertsen, T., Kristensen, B. and Nielsen, H. (2009).
Increased short- and long-term risk of inflammatory bowel disease after Salmonella or Campylobacter
gastroenteritis. Gastroenterology 137, 495-501.

CCME 3 (12), 83-92 (2025) VISION PUBLISHER | 91



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Gyles, C. L. (2007). Shiga toxin-producing Escherichia coli: an overview. J. Anim. Sci. 85, E45-E62.

Hauf, N. and Chakraborty, T. (2003). Suppression of NF-kappa B activation and proinflammatory cytokine
expression by Shiga toxin-producing Escherichia coli. J. Immunol. 170, 2074-2082.

Hayashi, T., Makino, K., Ohnishi, M., Kurokawa, K., Ishii, K., Yokoyama, K., Han, C. G., Ohtsubo, E.,
Nakayama, K., Murata, T. et al. (2001). Complete genome sequence of enterohemorrhagic Escherichia coli
0157:H7 and genomic comparison with a laboratory strain K-12. DNA Res. 8, 11-22.

Henderson, A. L., Brand, M. W., Darling, R. J., Maas, K. J., Detzel, C. J., Hostetter, J., Wannemuehler, M. J.
and Weaver, E. M. (2015). Attenuation of colitis by serum-derived bovine immunoglobulin/protein isolate in
a defined microbiota mouse model. Dig. Dis. Sci. 60, 3293-3303.

Hong, S., Oh, K.-H., Cho, S.-H., Kim, J.-C., Park, M.-S., Lim, H.-S. and Lee, B.-K. (2009). Asymptomatic
healthy slaughterhouse workers in South Korea carrying Shiga toxin-producing Escherichia coli. FEMS
Immunol. Med. Microbiol. 56, 41-47.

Hooper, L. V., Littman, D. R. and Macpherson, A. J. (2012). Interactions between the microbiota and the
immune system. Science 336, 1268-1273.

Jandu, N., Ceponis, P. J. M., Kato, S., Riff, J. D., McKay, D. M. and Sherman, P. M. (2006). Conditioned
medium from enterohemorrhagic Escherichia coli- infected T84 cells inhibits signal transducer and activator
of transcription 1 activation by gamma interferon. Infect. Immun. 74, 1809-1818.

Jandu, N., Shen, S., Wickham, M. E., Prajapati, R., Finlay, B. B., Karmali, M. A. and Sherman, P. M. (2007).
Multiple seropathotypes of verotoxin-producing Escherichia coli (VTEC) disrupt interferon-gamma-induced
tyrosine phosphorylation of signal transducer and activator of transcription (Stat)-1. Microb. Pathog. 42, 62-
71.

Joensen, K. G., Scheutz, F., Lund, O., Hasman, H., Kaas, R. S., Nielsen, E. M. and Aarestrup, F. M. (2014).
Real-time whole-genome sequencing for routine typing, surveillance, and outbreak detection of verotoxigenic
Escherichia coli. J. Clin. Microbiol. 52, 1501-1510.

Kanehisa, M., Furumichi, M., Tanabe, M., Sato, Y. and Morishima, K. (2017). KEGG: new perspectives on
genomes, pathways, diseases and drugs. Nucleic Acids Res. 45, D353-D361.

Kang, G., Pulimood, A. B., Koshi, R., Hull, A., Acheson, D., Rajan, P., Keusch, G. T., Mathan, V. I. and
Mathan, M. M. (2001). A monkey model for enterohemorrhagic Escherichia coli infection. J. Infect. Dis. 184,
206-210.

Karpman, D., Connell, H., Svensson, M., Scheutz, F., Aim, P. and Svanborg, C. (1997). The role of
lipopolysaccharide and Shiga-like toxin in a mouse model of Escherichia coli O157:H7 infection. J. Infect.
Dis. 175, 611-620.

Karve, S. S., Pradhan, S., Ward, D. V. and Weiss, A. A. (2017). Intestinal organoids model human responses
to infection by commensal and Shiga toxin producing Escherichia coli. PLoS ONE 12, e0178966.

Kim, Y., Oh, S., Park, S. and Kim, S. H. (2009). Interactive transcriptome analysis of enterohemorrhagic
Escherichia coli (EHEC) O157:H7 and intestinal epithelial HT- 29 cells after bacterial attachment. Int. J. Food
Microbiol. 131, 224-232.

Leatham, M. P., Banerjee, S., Autieri, S. M., Mercado-Lubo, R., Conway, T. and Cohen, P. S. (2009).
Precolonized human commensal Escherichia coli strains serve as a barrier to E. coli O157:H7 growth in the
streptomycin-treated mouse intestine. Infect. Immun. 77, 2876-2886.

Lindgren, S. W., Melton, A. R. and O’Brien, A. D. (1993). Virulence of enterohemorrhagic Escherichia coli
091:H21 clinical isolates in an orally infected mouse model. Infect. Immun. 61, 3832-3842.

Mahalingam, S. and Karupiah, G. (1999). Chemokines and chemokine receptors in infectious diseases.
Immunol. Cell Biol. 77, 469-475.

McCloy, R. A., Rogers, S., Caldon, C. E., Lorca, T., Castro, A. and Burgess, A. (2014). Partial inhibition of
Cdkl in G 2 phase overrides the SAC and decouples mitotic events. Cell Cycle 13, 1400-1412.

CCME 3 (12), 83-92 (2025) VISION PUBLISHER | 92



