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Abstract
Background: Patients in post chemotherapy susceptible to have variable complications or infections, mucositis and oral ulcers 
one of these changes of oral flora as chemotherapy predispose for these infections.

Objective: The current study aimed to investigate Escherchia coli isolates as a causative agent of oral ulcer infections in post 
chemotherapy patients, as well as to establish the existence and genotype of virulence genes (pap c, cnf1, fimH, blaOXA and hly 
beta ) in E. coli isolates, moreover to detect the relationship of these local isolates to internationally isolates through alignments 
of aimed genes sequenceing and phylogentic trees of these isolates.

Subjects and Methods: In this study, 150 clinical samples were collected from oral ulcer infections in post chemotherapy 
patients for isolation of E. coli that identified and diagnosed biochemically and molecularly using specific primers to detect 
virulence genes (pap c, cnf1, fimH, blaOXA and hly beta ) in E. coli isolates, the study also included 25 apparently healthy 
people as a (control group) for collecting oral swabs from oral ulcer infections of post chemotherapy patients. Construction of 
phylogenetic trees was included.

Results: The study found only 43 ( 28.6 %) of patients infected with E.coli while the rest 107 ( 71.3 %) of patients not infected 
with E.coli, only 10 (23.2 % ) of the tested isolates have pap c gene , 11 isolates (25.5% ) have cnf1 gene, 10 isolates ( 23.2 %) 
have fimH gene , 5 isolates (11.6% ) have blaOXA gene and 12 isolates ( 27.9 %) have hly beta gene, moreover, phylogenetic tree 
of locally gene sequences that required for E.coli isolates showed identical in high percentage comparison to different countries 
according to the sequence of nucleotide bases derived from GenBank database, control group revealed negative results for the 
presence of E.coli.

Conclusions: The study concluded that E.coli isolated from oral ulcer of patients in post chemotherapy have pap C, cnf1, fimH, 
blaOXA and hly beta genes which complicate health status of cancer patients through bacterial oral mucositis, moreover, 
phylogenetic analysis of these strains showed identical ratios according to the sequence of nucleotide bases of different countries 
derived from GenBank database at NCBI.
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1. Introduction
Majority of the bacterial species found in oral tissue are 
commensal as innocent bacteria, however, in ordinary con-
ditions, the oral cavities are in homeostasis status but in 
patients with cancer, the cancer itself could disturb this 
sensitive balance based on the level of immunity antican-
cer therapy or supportive therapies all may participate to 
change the mouth microflora from principally Gram positive 
bacteria to Gram negative [1,2]. Mucositis of GIT considered 
one toxicities that is most popular and debilitating situa-

tion correlated with chemoradiation protocol [3]. Mucositis 
pathogenesis include a sequence of biological events which 
coupled to impact both on the oral microbiome also on the 
environment, larger numbers of lines have a consequence 
to mucositis which are identical in patients undergoing che-
motherapy or radiation or even chemoradiation, progress of 
mucositis can be listed in five steps including:1-initiation, 
2-elevation (upregulation) or activation, 3-signal amplifica-
tion, 4-ulceration and the last 5-healing [4]. Mucositis fre-
quency had been reported as range from 30-40 percent to 
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nearly 100 percent when all severities of mucositis consid-
ered mucositis initiates in nearly 60-85 percent in patients 
experience hematopoietic stem cell transplantation, while 
mucositis occurred in only 20-40 percent in patients obtain-
ing traditional chemotherapy, but it develops in about whole 
numbers of patients receiving radiation therapy for cancer of 
head and neck [5-8].

Mucositis as a common complication in patients with neutro-
penia who submitted to chemotherapy, as a result patients 
having immunosuppression which leading to infections in-
cluding periodontal and oral ulcers, organisms of oral flora 
exhibit prolonged mucosal healing in mucositis leading to 
secondary oral infections this interruption of balance may be 
correlated to direct cytotoxicity on the oral microflora such 
as using of antibiotics, acquisition of hospital pathogens 
and compromised oral hygiene [9,10]. In addition, mucosi-
tis affects whole gastrointestinal,tract (GIT) even,mouth of 
patient, cytotoxic factors result in,mucositis through variety 
of mechanisms consist of normal barrier damage, minimize 
of immunological, protection as a result of neutropenia, and 
elevated inflammation resulting in directly tissue damage, 
regarding bacterial infections and mucositis correlation to 
immune, response, knowledge the organisms of oral flora 
important for choosing the proper therapy to causing mi-
croorganisms, normal oral flora composed of more than 
five hundred species of bacteria that are typically harmless 
[11,12]. Healthy persons are thought to own reservoir for ex-
tra intestinal pathogenic E.coli that have high ability for sur-
viving and persistence in human gut and spreading to cause 
disease [13,14].

E.coli can simply convey virulence and antibiotic resistance 
genes from another bacteria flora of the intestine, as though, 
colonization of E.coli in sterile areas of the body outside the 
intestine, that consistently regarded as etiology of pathogen-
esis, E.coli strains produce diseases outside intestine such as 
UTIs, sepsis, newborn meningitis, pneumonia, osteomyelitis, 
infections in surgical sites and infections in other sites ex-
tra-intestinal, although these infections have low morbidity, 
but endemic problem of these infections increased in impor-
tance as a result of the fatal course and prolonged hospital-
ization [15,16]. Some E. coli strains can cause intestinal or 
extra-intestinal infections as a result of specific virulence 
factors [17,18].

E.coli strains that caused infections in extra-intestinal sites 
have several virulence factors which have a role in infection 
through allowing the bacterial cells to colonize the host and 
spread, encoding of virulence factors are either on the bac-
terial chromosome where they are usually located within 
pathogenicity islands (PAIs) or on plasmids those factors 
including: (adhesion molecules, host defense, toxins, iron ac-
quisition and subverting mechanisms [19-21].

Commensal E. coli strains could be disseminated as intes-
tinal and Extra pathogenic strains by having of virulence 
mediators [22]. Extra pathogenic E. coli strains display con-
siderable genetic heterogenicity and explain extensive range 
of virulence correlated factors like adhesins, lipopolysaccha-

rides(LPS), invasions and toxins that are expressed on mo-
bile genetic factors (plasmids, pathogenicity-associated is-
lands in addition to bacteriophages) faecal flora of the hosts 
provide the most popular origin of infectious E.coli strains 
these bacterial strains are a primary cause for morbidity and 
mortality both in hospital also infections acquired by com-
munity, acquisition of virulence agents besides antimicrobial 
resistance seem to contribute to globally pandemic of E.coli 
extraintestinal infections in addition to horizontal transfer 
of ESBL genes that are plasmid mediated evidence suggested 
that virulence factors help the pathogens of gastrointestinal 
to compete the commensal microbiota and impair immunity 
of the host by inducing colonization and resistance in addi-
tion to invasion [23-28].

fimH of E.coli represent one of type I fimbriae as an filamen-
tous organelles covering bacterial surface gene coding for 
these organelles composed of cluster as fim gene having con-
sist of fimA, fimH, fimF, and fimG while pilus coding by fimD 
and fimC, fimH as it pilli tip participate binding between 
bacteria and glycoproteins [29-31]. Moreover, fimH has the 
ability for attaching to various kinds of cells as macrophages 
and erythrocytes; this attachment is believed to performed 
by variant mechanisms other than epithelial, cells fimH fim-
briae motivate attachment to phagocyting cells that followed 
by phagocyting process when bacteria having fimbriae-1, 
they undergo phagocytosis, however, opsonization could be 
not occurred, as a result bacteria can be survive within vac-
uoles [32-34]. Moreover, expression of P pili enhance coloni-
zation in gastrointestinal tract, it has been thought that P-pili 
evolvement in E.coli strains happened to encourage bacterial 
persistence of E.coli in the gut could be conducted by attach-
ment of Galα1g-4Galß-containing receptors on epithelial 
cells of the gut [35, 36, 37, 38]. P pili assembling occur via 
proteins cluster of gene (pap) which including papF, papG, 
papE, papH, papA and papC subunits, other gene of pap such 
as (papD) are necessary for assembling of fimbriae but are 
no associated directly to adhesion process [39].

CNF1 is a protein that produced by particular pathogenic 
strains of E.coli which are more frequently responsible for 
infections outside the intestine additionally, cnf1 as a sub-
set of cnfs toxins group, is popular determinants of virulence 
and nearly these determinants are exclusively confined to 
phylogroup (B2) of E. coli which includes the extra-intestinal 
pathogenic E.coli [40-43]. In general, cytotoxic necrotizing 
factor (CNF)including of cnf1 and cnf3 represent one of two 
important toxins or factors that have been defined in E. coli 
spp, moreover, CNFs encourage replication of DNA without 
cytokinesis and encoded by mobile elements such as patho-
genicity islands and plasmids [44,45]. Other virulence com-
ponent of E.coli is hemolysin (hly), which is produced by sev-
eral pathogenic strains of E.coli causing infections in and out 
intestine, however, hemolysin effect on virulence is not com-
pletely cleared [46,47]. The current research aimed to inves-
tigate E. coli isolates as a causative agent of oral ulcer infec-
tions in post chemotherapy patients, as well as to establish 
the existence and genotype of virulence genes (pap c, cnf1 , 
fimH, blaOXA and hly beta ) in E.coli isolates, in addition to 
detect the relationship of these local isolates to internation-
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ally isolates through alignments of aimed genes sequenceing 
and phylogentic trees of these isolates.

2. Methods
2.1. Patients
The current study included collection of 150 swaps of mouth 
ulcer from post chemotherapy patients from both sexes with 
age range from 10 to 80 years old, those patients admitted to 
consult of Babylon Center of Oncology / Babylon Province / 
Iraq, during the period from May 2024 to November 2024, 
only 43 of them have E.coli isolates. Oral swaps were taken 
from the surface of oral mucosa ulcers from patients, sys-
tematic diseases and other medication were not considered, 
ulcer was diagnosed by the doctor, most of the lesions are 
single episodes (one ulcer per person), all swabs were trans-
ferred at once to the transport Amies' media, patient infor-
mation fixed on each swabs after that immediately transport 
to the research laboratory. Control group: The study also 
included 50 apparently healthy people for collecting oral 
swabs that all revealed negative results for the presence of 
E.coli. 

2.2. Identification of Bacterial Isolates
The collected samples were inoculated on (MacConkey agar, 
Eosin methyl blue agar and on chrom agar for Enterobacte-
riaceae), incubated at 37ºC for 24 hours, E.coli isolates was 
identified preliminary depending on morphological fea-
tures on culture medium, the culture was examined for their 
shape, size, color and Gram stain reaction, after that a single 
pure isolated colony of E.coli was transferred to Brain-Heart 
infusion agar medium for the preservation and to carry out 
biochemical tests and using of the Vitek 2 system that con-
firmed the identification of isolates and recognized as E.coli.

2.3. Extraction of DNA and Molecular Detection and De-
termination of (Pap c, cnf1, fimH, blaOXA and hly beta ) 
Ggene
In order to extract the genomic DNA, the bacterial isolates 

were cultured overnight in 10ml of broth at 37°C. Then the 
extraction was carried out by using (Promega, USA).

2.4. Conventional Polymerase Chain Reaction (Pcr) As-
says
To detect virulence genes (Pap c, cnf1, fimH, blaOXA and hly 
beta ) gene in E. coli isolates, conventional polymerase chain 
reaction was performed. The components of the (PCR) were 
used (Maxime PCR ABM Kit) and the process was carried out 
according to company instructions. Extracted DNA from the 
bacterial isolates and primers Table 1 added to the master 
mix components of PCR then placed in standard Mix PCR pre 
Mix tubes including all components needed to PCR reaction 
like dNTPs, Tris-HCl pH:9.0, Taq DNA polymerase, MgCl2, 
KCl in addition to loading dye, after that, each tubes of PCR 
translocated to exispin vortex centrifuge that set in 3000 
rpm to one minutes, subsequently, these tubes transferred 
to PCR Thermo cycler type ABM Canada, these tubes then 
positioned in the thermal cycler, the conditions of the cor-
rect cycling parameters of PCR software which convert with 
primer used.

2.5. Agarose Gel Electrophoresis 
Product of PCR were analyzed depending on the instructions 
of manufactory of Plus science/ UK by Agarose,gel electro-
phoresis (1.5%). This method was carried out according to 
Sambrook and Rusell (2001) ladder used from (ABM Can-
ada).

2.6. Phylogenetic Tree Analysis
Nucleotides sets of (Pap c, cnf1, fimH, blaOXA and hly beta 
) genes were included to gain the conformity score of this 
strains comparing to other world reference strains through 
MEGA10 and NCBI system online after that analyze in or-
der to construction of phylogenetic trees by using of Maxi-
mum-Likelihood option ways [48,49].

Gene Primer Sequence
Pap F:GACGGCTGTACTGCAGGGTGTGGCG

R:ATATCCTTTCTGCAGGGATGCAATA
cnf1 F:AAGATGGAGTTTCCTATGCAGGAG

R:CATTCAGAGTCCTGCCCTCATTATT
Fimh F:TGCAGAACGGATAAGCCGTGG

R:GCAGTCACCTGCCCTCCGGTA
blaOXA F:GGCACCAGATTCAACTTTCAAG

R:GACCCCAAGTTTCCTGTAAGTG
hlybeta F:AACAAGGATAAGCACTGTTCTGGCT

R: ACCATATAAGCGGTCATTCCCGTCA

Table 1: Primers Used to Detect the Five Genes ((Pap C, Cnf1, Fimh, Blaoxa and Hly Beta ) of E.Coli Isolates

3. Results
In this study, 150 clinical samples were collected from oral 
ulcer infections in post chemotherapy patients for isolation 
of E.coli that identified and diagnosed biochemically and 

molecularly using specific primers. The study found only 
43(28.6 %) of patients infected with E.coli (Figure 1)and 
(Figure 2)while the rest 107 ( 71.3 %) of patients not infect-
ed with E.coli (may be other microbial causes not included in 
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this research). Agarose gel electrophoresis revealed that the 
prevelance of the five virulence genes in isolated E.coli as 10 
( 23.2 % ) of the tested isolates have pap c gene, 11 isolates 
(25.5% ) have cnf1 gene, 10 isolates ( 23.2 %) have fimH gene 
, 5 isolates (11.6% ) have blaOXA gene and 12 isolates ( 27.9 
%) have hly beta, in addition, the study found that the molec-
ular weight of pap was (328 bp), cnf1 was (498 bp), fimh was 
(508 bp), blaOXA was (564bp) and hly beta (1177 bp) figure 
(3,4,5,6,7 ). Alignment of the aimed five genes sequences in 
isolated E.coli with reference gene recorded in National Cen-
ter for Biotechnology Information showed 98 to 100% sim-
ilarity (Figure 3) to (Figure 8), moreover, the phylogenetic 

tree of E.coli isolated from oral ulcer showed identical ratios 
according to the sequence of nucleotide bases of different 
countries derived from GenBank database. The phylogenetic 
tree of each five genes in present study (pap c, cnf1, fimH, 
blaOXA and hly beta genes) of the isolates revealed that 
they were align-matched up with isolates from different lo-
cations, including: MW384885.1- India and X61239.1-Swe-
den-AF483828.1-U.S.A-OU701449.1-France-OP999010.1-
Thailand and CP104949.1- Germany-LM997209. 1-Norway, 
OU349848.1 -France and CP051632.1 -USA , respectively as 
demonstrated in (Figure 9) to (Figure 13).
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4. Discussion 
Pathogenicity of E.coli strains is determined by the presence 
of certain virulence factors that assist overcoming the host 
defenses and help colonization leading to development of 
intestinal besides extraintestinal disease the importance 
of pathogenicity determinants in strains of E.coli responsi-
ble for infections at multiple sites in the body that clarified 
through molecular and other studies [50-52]. Cancer pa-
tients still delicately susceptible to have infection by bacteria 
of Gram negative group due to mucositis, dysfunction of lym-
phocyte neutropenia in addition to using of invasive tools 
[53]. Bacteria of GIT origin are oftentimes reliable for infec-
tions in neutropenic patients, agents of broad spectrum beta 
lactam considered the corner of cancer patients' therapy 
with suspicious infection with Enterobacteriaceae members, 
that result in elevating diffusion of carbapenem resistant of 
Enterobacteriaceae in healthcare system, in addition to bac-
terial resistance to other beta lactam drugs and that owing 
an urgent threating moreover, production of ESBL is present 
in lower than 10% of E. coli bacteria [54,55].

Renard indicated to small decrease in total bacteria but it was 
significant at two to seven days after the initial chemother-
apy course at the sites where of shifting to Gram-negative 
bacteria, moreover, Minah and Main also noted near findings 
in their studies as they indicated quantitative increasing in 
bacterial strains of E.coli, Klebsiella sp. and in Gram positive 
bacteria (Staphylococcus aureus) levels through chemother-
apy course all these studies are in coordination with result 
of present study regarding isolation of E.coli as a causative 
agent [56-58]. Regardless of isolation of other bacteria as 
the presnt research focusing only on E.coli bacteria. Control 
group of this research denoted no isolation of E.coli and that 
roughly accepted with results of Galili who isolated Entero-
bacteria in fifteen out of sixteen adult patients during period 
for chemotherapy while in comparison to control persons, 
the isolation was only three out of twelve [59].

In this research, only 43 ( 28.6 %) out of 150 clinical samples 
collected from oral ulcer of patients with post chemothera-
py revealed infection with E.coli, these results are congru-
ent with study of Napeñas who introduce a literature review 
pointed to the predominance of reviewed researches indi-
cated isolation of Gram negative bacteria (rods) in patients 
submitted to chemotherapy that including E.coli, Klebsiella, 
Enterobacter and Pseudomonas, while Gram positive bac-
teria were isolated more commonly prior to chemotherapy, 
same review also pointed to that the researchers were not 
able to produce inference concerning oral flora changes in 
those patients as a result of lack the investigations in addi-
tion to great extent of variance in the studied groups com-
posed of certain chemotherapy type, chemotherapy duration 
that received at the time of collecting and culturing methods 
[60]. The results of current research regarding resistance 
of isolated E.coli (11.6% have blaOXA gene) approaching to 
other study conducted by Perez who indicated that in cancer 
patients, rising of multi drug resistance infections of Gram 
negative bacteria have been reported with increased recog-
nition of certain bacteria including carbapenem resistant 
enterobacteriaceae, fluoroquinolone resistant E.coli, multi-
drug resistant Acinetobacter baumanni, P. aeruginosa and 
others, in addition, Wahlin revealed that there are changes in 
resistance manner of oral bacteria in patients of chemother-
apy comparing to control population [61,62]. In study con-
ducted by Tohamy they indicated that multidrug resistant 
E.coli isolated from patients of neutropenia in those exhib-
ited rising resistance for ampicillin, cephradine, ceftriaxone 
beside cefepime [63].

The experimental treatment of E.coli infections, for decades, 
has been more dependent on the β lactam antibiotics and the 
wideuse of these antibiotics resulting in the appearance of 
resistant strains bacteria conferring ESBLs that owing the 
ability for hydrolyzing a wider range of β lactam antibiotics 
including( penicillin and oxyimino cephalosporins) and that 
occur as a result of mutations which alter configuration of 
amino acid in the encoded proteins [64,65]. Although the 

https://www.wecmelive.com/


Volume - 2  Issue - 1

Page 9 of 13

Copyright © Halah Dawood SalmanCME Journal of Medical Microbiology

Citation: Salman, H. D. (2025). Prevalence of pap C, cnf1, fimH, blaOXA, hly beta genes and Phylogenetic Analysis of Escherchia coli Isolated from Oral Ulcer 
Infections of Post Chemotherapy Patients. CME J Med Microbiol, 2(1), 1-13.

present research deduced that out of forty three E.coli iso-
lates only five isolates (11.6%) have blaOXA gene but this ra-
tio of resistance also drawing attention as this effect on this 
group of patients. Among multidrug resistant E.coli strains, 
antimicrobial resistance caused by ESBL is at most as a re-
sult to family of blaCTX-M enzymes, especially blaCTX-M-15 
beside14, comparing to less commonly observed families 
of blaOXA and blaSHV enzymes and that may interpret the 
results of present study regarding percent of blaOXA gene 
harboring byisolated bacteria [66,67].

Study of Castanheira, concluded that the prevalence of ESBL 
E. coli strains in the infections of extraintestinal sites is var-
ious also differ around geographical regions, blaCTX-M-15 
represent broadly popular ESBL genes then gnes of CTX-M, 
SHV, PER, TEM, GES, BES, VEB, TLA and OXA respectively, 
Ikram also pointed that the antimicrobial susceptibility of E. 
coli has been shown to vary geographically [68,69]. Concern-
ing fimH , the current research revealed that only ten E. coli 
isolates (23.2 %) out of forty three have fimH gene, Bouck-
aert mentioned that of fimH alleles, although high conserva-
tion of nucleotide was observed as more than 98% , minor 
differences in sequence have been reported to be correlated 
with differential binding and adhesion phenotypes, also in 
the current research, only twelve isolates ( 27.9 %) have hly 
beta, in a review performed by Katouli, the reviewer report-
ed average of (12%) from fecal isolates of E. coli have ability 
for production of haemolysin, moreover, these results rein-
forced with outcomes of other researchers [70,71].

Regarding cnf1, this toxin has been proven to result in direct 
cytotoxicity in tissues the present research exhibited that 
only eleven isolates with ratio of (25.5%) have cnf1 gene, 
however, environmental changes including alterations in 
temperature or as mutation lead to loss of cnf1 in bacteria 
[72-74]. Prolonged neutropenic cancer subjects are believed 
to colonize with Gram negative bacterial rods as those pa-
tients are in elevated risk for this infection, nevertheless, 
there is insufficient studies describing changes in oral flora 
of those patients submitted to chemotherapy, in addition, re-
sults of the studies have been inconstant [75].

Molecular typing relying on multilocus sequence typing 
(MLST) and multiple PCR, moreover, latterly after this pe-
riod, whole sequencing of genome have introduce a good 
understanding comprehension of the phylogenetic system 
of the E.coli moreover, phylogenetic tree system revealed 
that comparing local sequences of certain genes to globally 
strains in NCBI of same bacteria may indicated compatible 
in high percentage, however, variation may interpret that 
the origin of these genetic changes may be due to mutation 
or integrons correlating to present results concerning phy-
logenetic tree of each five genes (pap c, cnf1, fimH, blaOXA 
and hly beta genes) of E.coli isolates concluded that there 
is matching to isolates from different countries, such as: In-
dia, Sweden, U.S.A, France, Thailand, Germany, Norway and 
France [76,77].

Correlation of these phylogenetic trees is of specific impor-
tance, as there is a relation between the genetic information 

of certain strain and the virulence factors of the same strain 
in the epidemiology of E. coli, there have some major alter-
ation as some clonal strains have become more common 
in extraintestinal diseases some of these clones dissemi-
nate various antibiotic resistance, the hub of this resistance 
and the principle driver for spreading antibiotic resistance 
through the community has been established to be the gut 
[78-87].

Actually, inconsistent data on mucositis act as principle 
barrier to collect literatures and comparing the results as 
a result of lacking standardized criteria, variable regimens 
of therapy and location of tumor, in addition to side effects 
of cancer treatment, all that lead to make mucositis under-
reported [88, 89]. Multiple agents acting as a barrier for 
the current research, factors as dietary system of patients, 
great variability in patient populations, cultural characteris-
tics, hospital policies, antibiotics and anticancer included in 
therapy, sample size and molecular detection methods, all of 
them may have principle impacts on evaluation of virulence 
factors of isolated E. coli. To the best of knowledge, there 
are too limited and few studies, reviews or articles that fo-
cused on bacterial roles in mucositis of post chemotherapy 
patients especially studies concerned with E. coli as etiology 
of these mucositis cases.

5. Conclusion
Oral ulcer represent one of the dangerous sequelae of can-
cer therapy and still an important burden for patients having 
chemotherapy and radiation therapy, cancer patients are at 
elevated risk for developing oral lesions by bacteria espe-
cially Gram negative rods, the current investigation found 
that E.coli have pap C, cnf1, fimH, blaOXA and hly beta genes 
which can be implicated as principle virulence factors in 
multiple infections of E.coli and complicate health status of 
cancer patients through bacterial oral mucositis. Moreover, 
phylogenetic analysis of these strains important to detect 
and identity causative bacterial strains certainly and predict 
the prognosis of the infections to prevent any further com-
plications, in order to support those patients who originally 
suffering from cancer and minimized immunity, further re-
searches and surveillance both in vivo and in vitro are re-
quired. Protection of cancer patients from bacterial infection 
of oral tissues such as E. coli, probable to minimize morbid-
ity also mortality of those patients, however it important to 
detect whether all observed changes resulted from chemo-
therapy transformation of oral microbiota or antimicrobial 
agents or resulting from acquisition of nosocomial bacteria.
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